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Metoanueckue yka3aHus Uil NPakTUYEeCKUX padoT no gucuuiuinHe «OCHOBBI 3JIEKTPO-
TEXHUKW» COCTaBNIEHBI B cOOTBeTCTBUHM ¢ TpeboBanusimu OI'OC CIIO. [IpennazHaueHs! 1is
CTyAeHToB, oOyuatommxcs no cnenuanbHocT 08.02.01 «CTpouTenbeTBO M AKCIUTyaTaus 37a-
HUW U COOPYKEHUI.

Paccmorpeno Ha 3acemanuum IIIK kommemka Ilsturopckoro wmHcTHTyTa ((rummana)
CKoYy

ITporoxon Ne 8 ot «22» mapta 2021r.

CocraBuUTEND: T.B. UxkaeBa

HupekTtop: 3.A. MuxanuHa



Hloachumenvnas 3anucka
HaHHI)Ie MCTOANYCCKUEC YKazaHHA MNPEAHA3HAYCHBI JIA 3aKPCIUICHUA TCOPETUUCCKHUX

3HAHWN U TPHOOPETCHUST HEOOXOIMMBIX MTPAKTUYECKUX HABBIKOB M YMEHHUH 110 TIPOrpamMMme JIic-
uumiuHbl " OcHOBBI ekTpoTexHUkH " g cnenuanbHoctr CIIO 08.02.01 CtpoutensctBo U
AKCILTyaTalus 3JJaHUi U COOPYKEHUH.
[IpakTudeckue 3aHATHS COCTABIICHBI B cOOTBeTCTBHH C TpeOoBanmsiMu OI'OC o crenu-
aJIbHOCTH.
LenssMu mpoBeICHUS MPAKTUUECKUX 3aHATUM SIBIISIFOTCS:
- 00001IeHne, CHCTEeMaTH3AIUIO, YTITYOJIeHNE, 3aKPETUICHHE ITOJTyYE€HHBIX TEOPETH-
YeCKNX 3HaAHUHU
- (dopMHUpOBaHKHE YMEHUN MPUMEHSThH IMOJTyYE€HHBIC 3HAHUS Ha MPAKTHUKE, pean3a-
LU0 €IMHCTBA MHTEJUICKTYAIbHON U MPAKTUYECKOU J1eITeIbHOCTH;
B pe3ynbraTe ocBoeHHs y4eOHOM TUCIUTUTMHBI O0YYaIOIHIACS T0JKEH YMETh!
® YUTATh DJIEKTPUUECKUE CXEMBI;
® BECTH ONCPATHUBHBIN y4eT PaOOTHl YHEPTETUUSCKUX YCTAHOBOK.
B pe3ynbrare ocBoeHUs yueOHON AUCIMILTUHBI 00y4atOIIUNCS JOKEH 3HATh:
® OCHOBBI JICKTPOTEXHUKH U JICKTPOHUKHU;

® YCTPOWCTBO M MPUHIUI ACHCTBUS SIEKTPUUECKUX MAIIMH U TPaHCHOPMATOPOB, am-
naparypbl yIpaBiIeHHS SIEKTPOYCTAHOBKAMH.



IIpakTyeckas padora Nel

Tema 1. DnexkTpHYecKue 3apsiAbl M dJIEKTpHUYeEcKoe 1moJie.

Pemienne 3a1a4 no reme: «JIeKTPpUYeCKHe 3apsi/ibl U 3JIeKTPHYECKOe M0JIe»

Ileap padoThl: 3aKperyieHUE OCHOBHBIX IMOHATHI 1O TeMe «DJIEKTPUUECKUE 3apsiabl U dJIEKTPU-
YeCcKOoe MoJIe».

ITepeyennb ucnoib3yemMoro o00pyaoBaHus

[Tnakatel o Teme: «JIEKTPUUECKUE 3apsAbl U FIEKTPHUUECKOE 0TI

TeopeTnueckas 4acTh:

09 H 'MZ

2 Koaddunuent nponoprmonanpaoctu B CU

k=9-1

C momoIIpio dKCIeprMeHTa 00HAPYKUBAEM, YTO BOKPYT BCAKOTO 3apSHKEHHOTO MPOBOJSIIETO
TeJa, KOTOPOe HaXOAUTCS B MOKOE, BOZHUKAET 0cOOOro poja Marepus — 3JIEKTPUYECKOe IoJje
(opranaMu 4yBCTB 4yeJIOBeKa He OOHapyxuBaeTcs). HanpspkeHHOCTh 1Ol — CHIIOBast XapaKTepHu-
CTHKa 3JIEKTPUUYECKOTO IOJIsI paBHasi OTHOIIEHUIO CUJIbI, JEHCTBYIOLIEH Ha IMPOOHBIN MONOXKU-
TEJIBHBIN 3aps] (, K BEJTMYMHE DTOI0 3aps/a.

E=—. dopMyna HampsHKEHHOCTH OJEKTPUYECKOTO TOJs B BEKTOpHOW Qopme, rae
do
H
— |E - BEKTOP HAIIPSKEHHOCTH
Kn
[KJ'I ]qo - IPOOHBII MOJIOKUTEIBHBIN 3aps]]
= _A d- CBA3b MEXY HAIIPSHYKEHHOCTBIO U HAIIPSKEHUEM

HanpspkeHHOCTh OTHOTO  3JIEKTPUYECKOTO IOJISI PaBHA OTHOIICHHIO PA3HOCTHU IOTEHIUAJIOB
(manpspxenust U) MeXIy IBYMsI TOYKaMH MOJIS, K paccTosHUI0 Ad MeXTy HUMH.

H

B
JoxaxeMm, 4To 1 K = 1; ' JInst aTOrO YMCIUTENH U 3HAMEHATENb YMHOKUM Ha (M) MOJIYyYUM

1H-M_ 1/ _1B-A-c_1£
Ki-m 14-c-m A-c-m M

E =Ei1+ E2+...+ En

Kla|
?
PesynbTupyromas Hanps>KEHHOCTb I10JIS CO3JaHHOIO HECKOJIBKMMHU 3apsaMHu paBHA I€OMETPHU-
YECKOM CyMMeE HalpsHKEHHOCTEH, CO3/TaHHBIX KaX/IbIM 3aps/IOM B OTJIEIbHOCTH.

dopMya HANPSKEHHOCTHU I10JI1 TOYEYHOI'0 3apsija Ha pacCTOSHUU I OT HEro WM LIapa paguy-
com I.

Hampumep.

1.ITocTpouTs pe3yapTUPYIOIIMI BEKTOP HANPSHKEHHOCTH U JaTh OTBET.

E =

29D —>——> PDq

N
OtBet: E e paBeH pa3HOCTH M HAIIPABIICH B CTOPOHY MEHBIIIETO 3apsia.



Xoa padoTsl
1. Pemmrs 3amaun:
3agauaNel

Halinre HanpssKEHHOCTb TOJS CHCTEMBI ABYX 3apsiioB ¢, =8-10°Kn u ¢, =-3-10° Kz B
TOYKEe A, COCTMHSIONICH 3TH 3apsiabl (puc.)

N
Pemenne. CoriiacHO MPUHLMIY CYNEPHNO3UIIMH ,HANPSKEHHOCTh PE3YNbTUPYIOMIETO Mojis E

- -
paBHa cymme Ei+E:. HampsxeHHocTel moseil, co3maHHBIX 3apspamu O, U (, .Moaymu

- -
E:1u E2 manpsokerHOCTEH HaxoauM 1o popmynam:

E _ kql E — qu

1= 2 , =2 2 ,rae 1,=0,2 M, 1,=0,1 m.
r. r
1 2

3agagaNe2

Mesx 1y rOpu30HTANIbHBIMU IIACTHHAMHE 3apsXKEHHOTO KOHJIEHCATOPa, HAMPSHKEHHOCTh KOTOPOTO
49 H/Kn, HaxomuTcs B PaBHOBECHH IBUIMHKA, MMetomas 3apan 2-108 Ki. Kakosa eé macca?
3agaualNe3

Ynaéres m 3apsSaUTh METALIMYECKHA CTEPKEHh HATUPAHUEM O MEX HIIM Oymary, eclii He yja-
ércs, 00BACHUTE, KOTJa 3TO BO3MOXHO U MPOJICTIAlTe ITO.

3anauaNe4. [ToueMy HUTH DPUIMNAIOT K TPEOHSAM YeCalbHBIX MAlIMH, IPUMEHSIOIUXCSA B TEK-
CTHJIbHOW TIPOMBIIIJICHHOCTH, ¥ TIPH 3TOM ITYTalOTCA U 9acTo pByTcs? s 60pbObI ¢ 3TUM siBIIE-
HHUEM B 1IEXaX UCKYCCTBEHHO CO3/Ial0T MOBBILICHHYIO BIQ)KHOCTb BO3yXa. 3a4€M 3TO JI€JIat0T?

3az[aan95. ]_[I/IHKOBBIC OIMHUJIKH IIPOCCHUBAIOT UCPEC3 MCAHOC CUTO. Yto HpOHSOﬁHeT C JIUCTOY-
KaMM 3JICKTPOCKOIIA, €CJIN CTPYHO 3TUX OIIMJIOK HAIIPAaBUTh HA HIAPUK BHGKTpOCKOHa?

3amauaNe6.  IloTpure cTep)KeHB DJIEKTPOCKONA HE HAadIEKTPU30BAaHHOW KaydyKOBOW Maod-
KOU. DieKTpockon oOHapyxkuBaet 3apsi. [louemy?

3amagaNe7. Ilouemy mpu nepenuBaHUM O€H3WHA M3 OJHOM LIUCTEPHBI B JIPYTyI0 OH MOKET
BOCIJIAMEHUTHCS, €CIIU HE MPUHSATH CIIELUAIbHBIX MEP MPEJOCTOPOKHOCTH?

3amauaNe8. Ha mpennpusTusX pe3nHOBON NPOMBIIIJIEHHOCTH IMPHU BaJbI[OBKE KaydyK Ipo-
MYCKaIOT MEXy ABYMsS BpallarolIMMUCs Bajamu. EcCiii MOJHECTH pyKy K TaKOMY KaydyKy, TO
nosiBuTCs uckpa. [louemy?

3agauaNe9.  Ecin HOXOBKOHM pacnuiIMBaTh JMUCT KaKOro-HUOYAb mojauMepa (MOIMITHIIEH, MO-
JUCTHUPOJI, BUHUIUIACT, IUIEKCUIJIAC U JIp.), TO OMWJIKH MPUIUIAIOT K HOKOBKE, K CTOJY, HAa KOTO-
pOM yKperieHa oOpabaTbeiBaeMas JeTallb, U IpYruM npeameraM. Yem 31o oObsicHseTCs?

3agayaNel0. Mo»XHO M Ha KOHIAX CTEKJISTHHOM MaJOYKH MOJYYUTh ABA OJHOBPEMEHHO CYIIIE-
CTBYIOIIUX Pa3HOMMEHHBIX 3apsiia’?

IIpakTyeckas padora Ne 2
Tema 2. JieKTpuUYecKHe LHenH MOCTOSTHHOT0 TOKA
H3y4yenue 3axkona Oma i NOJIHOM Henu
Heab padorsl: u3meputs J/{C ¥ BHyTpEHHEE CONPOTHUBIICHHE HCTOYHUKA TOKA.
ITepedenns ncnob3yemMoro 000pyaoBaHus
1) UCTOYHMK MUTaHUS, 2) MPOBOJOYHBIA pe3ucTop corpotuBieHueM 2 Om, 3) ammepmerp, 4)
KJIIO4, 5) BOJBTMETP, 6) COEIMHUTENbHBIE IPOBO/IA.
TeopeTuyeckas 4acTh:
PaccmorpuM 3akoH Oma 171 IOJIHOM 3JEKTPUUYECKON LENU IOCTOSHHOIO TOKAa. 3/1€Ch Hac
IPEeX/Ie BCEro HHTEPECYET €ro MpaKTHUIECKOE OTHOIIEHHE K MOCTOsTHHOMY TOKy (direct current).



Paznmuuarot aBe dpopmynupoBku 3akoHa Oma, ofgHa IJs ydacTKa IENu, a Apyras JUisi TIOJTHOU
uenu. B mocneqHel yauThIBa€TCS HCTOYHUK TOKA, TOYHEE €r0 BHYTPEHHEE CONTPOTUBIICHHUE.
IIpocreiimass smeKTpUYecKass LENb NOCTOSHHOIO TOKA COCTOMT M3 MCTOYHUKA TOKA U OIHOMU
€IMHCTBEHHOW PE3UCTUBHOMN HArpy3KH, a MOMPOCTY U3 — aKTUBHOT'O COMPOTUBIICHUS.

[ —» P E 3axon Oma 0as

r+ R noAHOI uenu
E raoe I - cuna Toka B uenu (AMnep)
R[] E - 31C ucro4Huka toka (Bonbr)

¥ - BHyTpeHHee conpoTuBiieHne
MCTOYHUKA TOKaE (OmM)

- obuiee akTuBHOE CcOnpoTUBIIEHUE

uenn (OM)

r
MNcTo4YHMK NOCTOAHHOIO ToKa
(30C), koTOopuin UMeeT
E BHYTpeHHee conpoTuBfeHue r
(Bbl XOOQHOW MMIMegaHc).
r¢

Hanpumep, 310 MoXkeT BuiTb
akKKyMmy niaTopHasa baTtapes

BHyTpeHHee conpoTuBsieHne 7
ncro4Huka toka (3[1C). Hem e

NyHLle UCTOYHUK ToKa, TeM 3aBMCUT OT CTOPOHHMUX
MEHbLLIE ero BHyYyTpeHHee cun co3pgawwmx 30C

conquMBneHue r. 3aBUCUT OT B MCTOYHUKE
NencrBena CTOPOHHUX CcUn

AKTUBHaa oMmuyeckas Harpyska R.
R B Hel npoucxoguT npeobpa3soBaHue £
3NIEKTPUHECKOW IHEPTUN B OPYrown ‘

Bu g aHeprum. Obbi4HO 3TO Tenno.

/i

3akon OMa — 3aK0H NMPONOPUHOHATBHOCTH

®opmynupoBka 3akona Oma 715 MOJTHOM IENHU U IS y4acTKa e — 3TO YTBEPKIACHUE MPO-
HNOPIMOHATILHOCTH. Y CTaHABIMBACTCA JIOCTaTOYHA MpocTas anredpanyeckasi CBI3b MEX/1y BeJU-
YHUHAMH CUJIBI TOKA, cyMMbI conpotuBiieHui (r+R) u 3/1C ucrtounuka Toka.

Cuna Toka B 2JIEKTPHUUECKON 1enH, npsmMo npornopiuonansia JC ucrounuka u oOpaTHO mpo-
MOPLUUOHANIbHA CYMME BHYTPEHHETO COMPOTHBIEHUS 3TOTO MCTOYHHMKA U OOIIEro CONpOTHUBIIE-
HUS LENHU.

Haubosee nonsTHOE M NpocTOe MpuMeHeHne 3akoHa OMa B Takoi GOpPMYJIHPOBKE — ITO DIIEK-
TpUYeCKas IeMb ¢ OJJHUM UCTOYHHUKOM TOKa B BeTBH (KOHTYype). Kpome 3akona Oma, st pac-
yéTa INIEKTPUUECKUX Iernel, HeoOxoaumo 3HaTh npaBuia Kupxroga, a takke umers 0a3oBble
IpeJICTaBICHUs 00 PJIEMEHTaXx LeNel, TaKuX Kak y3JIbl, BETBH, KOHTYPBI, ABYXIIOJIOCHUKH U T. .
IToTepn Ha BHyTpeHHeM CONPOTHBJICHUU HcTOYHUKa J/IC

Camblil mpocToi MprUMep WLTIOCTPUPYIOMINN BIMSHAE BHYTPEHHETO COPOTUBIICHHS UICTOYHHUKA
TOKa — 3TO TaJbBaHUYECKHE AJIEMEHTHI (6aTtapen) U akKymysnaTopsl. CrocOOHOCTh MCTOYHHKA
TOKa BBIJaBaTh OOJIbILIOE 3HAUYEHUE CUJIbI TOKA HAIPSAMYIO 3aBUCUT OT €r0 BHYTPEHHETO COIpO-
THUBJICHHS. YeM OHO 0OJIbIIE, TEM MEHBIIIHKA TOK CIIOCOOCH BbIaTh UCTOYHHUK DJ[C.



[IpaBunbHoe nonumanrie 3akona Oma JJIA MOJTHOM LeNH MO03BOJIAET NPABMWIHHO PACCUUTATD U
BbIOpaTh UCTOYHHUK TOKA IO HArpy3Ke, a TAK)Ke IMO3BOJISIET CBOEBPEMEHHO BBIIBUTH J1€(DEKTHI HC-
TOYHUKOB TOKA. TOT HICTOUHHMK TOKA, KOTOPBI HE MPUTOJECH AJIsI HU3KOOMHOM HArpy3KH, IOTOMY
KaK €ro BHYTPEHHEE CONPOTHUBJICHHE B OOJbIlE WK PAaBHO COMPOTUBICHHUIO HATPY3KH, OyIeT
BIIOJIHE MPUTOJICH B AKCIUTyaTallMu JJisi MUTAHUS JIEKTPUUECKOM Lienu ¢ Harpy3kod B 10 pa3
OOJIBIINM COMPOTUBIIEHUEM, YEM €r0 COOCTBEHHOE.

UeMm OOJBIIYI0O MOIIHOCTh HY)KHO IMONYYHTh Ha Harpyske mnpu manom 3HadeHuu JDJIC, tem
MEHBIIIE JJOJKHO ObITh BHYTPEHHEE COMPOTHBIIEHHE UCTOYHHMKA. [[03TOMY caMbIMHU JTy4lIIUMHU
UCTOYHHKAaMU 1ocTosiHHOTO Toka (DC) B HacTosiee BpeMsi OCTAIOTCS XUMUUYECKHE aKKyMYyJisi-
TOPBI, XOTSI BIIOJIHE BO3MOKHO, YTO UX MOT'YT IIPEB30UTH B 3TOM MOJYNPOBOAHUKOBBIE HCTOUYHHU-
KM TOKa — COJTHEUHBIC OaTapeu.

OnTUMalbHBIM CYUTAETCS, KOT/Ia Ma/leHue HaIlpsHKEHUS Ha BHYTPEHHEM COMNPOTHUBIICHUH, OoJiee
yeMm B 10 pa3 MeHbIlIe uyeM MaJeHUEe HAIPSHKEHUsI Ha IMOJIE3HOM Harpyske. Eciu roBoputh s3bI-
KOM IPONOPUMOHAIBHOCTH, TO 3TO O3HAYAET, YTO 3HASI CONPOTHUBIICHUE HATPY3KHU WUJIU €€ MOIL-
HOCTbh, HY)KHO BBIOMPATh MUCTOYHUK TOKA, TJI€ €r0 BHYTPCHHEE CONPOTHBIICHUE (umnedanc) Oy-
net 6omee yem B 10 pa3 MeHbIITUM.

CornacHo 3akoHy Oma cmia Toka | B 3aMKHYTOH LM C OJHUM HMCTOYHUKOM IUTAHUS

onpeaensieTrcs BeIpaxeHuem: / = fR (1)
!
Orcrona: Ir+IR=¢ (2)

U3 dopmynsr (2) MOXXHO HalTH BHYTPEHHEE COIPOTHBIICHME I MCTOYHHMKa Toka, DJIC
KOTOPOTO IIPEABAPUTEIHHO H3MEPSIOT BOJIETMETPOM:
r= S-RR = S _ R 3)

OO6opynoBanne, cpeacrsa M3MepeHHs. 1) HCTOUHUK MUTAHUS, 2) MPOBOJIOYHBIA pe3U-
cTop compoTtuBieHuem 2 Owm, 3) ammepmerp, 4) K04, 5) BOIBTMETP, 6) COCAMHUTENBHBIE PO-
BOJA.

DKcrnepuMeHTallbHas yCTaHOBKa M300paxeHa Ha pucyHke 1. K umcrounuky Toka 1 mop-
KIovaercs  pesucrop 2, ammepmerp 3 9w kmou 4. 3JIC  ucTOyHWMKA  TOKa
HETIOCPEACTBEHHO N3MEPSIETCS] BOJIBTMETPOM 5.

Puc 1

Cwita Toka [ u3amepsiercs amnepMeTpom.

Xoa padoThl:

Haueptute cxemy nenm.

Cobepure 11€T1b IO CXEME.

N3meppTe BosibTMeTpoM DJIC nCcTOYHMKA TOKA PU PA3OMKHYTOM 1enu £=B.
CHHUMHTE NIOKa3aHUS BOJILTMETPA U aMIIEPMETpa IIPU 3aMKHYTOMN LENH.

Bce n3mepenus 3anecute B Ta0nuILy.

. Beruucnute r (BHyTpeHHEE CONPOTHUBICHHE UCTOYHHKA TOKA).

Tabnuya.l

SRR



Tabmuma. 1l
7. PaccuuTaiiTe NOrpeIHOCTH:

k

a) Aé=U_, 100
§tAL =

6)A] L x—{c——

100

B) M:Rxg:Rx%:Rx0,0Z;

_s A AL 4
(§+1)+AR

rHAr=

8.Pemnre 3anauy:

B nenu, n3o0paxEnnoit Ha pucyHke 2, nmoka3zanus ammnepmerpa pasuo 0,5 A, BosbT™meTpa - 4 B.
Yemy paBna 3/]C uctouHuka, eciu ero BHyrpeHHee conportupienre 1 Om? BapuaHTbl OTBETOB:
1)3,5B;2)4B;3) 45B;4)5B

R

(A)
U Puc No2

9. OTBETUTH HA BOIIPOCHI
1. OmnpeneneHune MMEKTPUIECCKON IISTIH.
2. U3 4ero cocTouT mpoctas dJIeKTpudecKas 1Henb?
3. Kak y3Hath compoTHBIEHHE HArpy3KH TIPU YCTOSB-
HIeMCsl peKuMe paboThl, TO €CTh KOT/Ia JlaMIia TOPUT B
ITOJIHBIN HaKam?
IIpakTnyeckas padora Ne3
IMapanesabHoe U NOc/Ie10BaTeIbHOE COeJUHEHNE Pe3UCTOPOB
Ieap padoThbl: N3y4NTh 3aKOHBI IPOTEKAHUS TOKA YEPE3 MAPAJUIENBHO U MOCIEA0BATEIBHO CO-
€IMHEHHbIE POBOIHUKH (PE3UCTOPHI) U HKCIIEPUMEHTAIBHO IPOBEPUTH 3aKOH OMa.
ITepedenns ncnob3yemMoro 000pyaoBaHus
1. brok reneparopoB HanpsukeHuit ['H2, B qaHHOM paboTe UCMONIB3YETCsI TEHEPATOP PETyIHpye-
Moro nocrossHHoro HanpspkeHus 0...15 B (B reneparope 00s3aTeIbHO BKIIOUYUTH €r0 BHYTPEH-
Hee conportuBienne Reny).
2. bnox amnepmerpa-ponbT™MeTpa ABI.
3. Ctrena ¢ oobexTamu uccienoBanus C3-0T01, B nanHO# paboTe UCTIOIB3YIOTCS



pesuctopsl R1 =150 Om u R4 =270 Om.
Teoperuyeckasi 4acThb
YceTpoiicTBamMu, 00pa3yoOIMUME 3JIEKTPUUECKYIO 1eTb, SIBISIOTCS: HCTOYHUKHU (TeHepa-
TOPBI) 2JIEKTPOMArHUTHON HEPTUU HJIU DJIEKTPUUYECKUX CUTHAJIOB, IPUEMHUKHU (IIOTpe-
OuTEeNIN) 3TEKTPOMArHUTHOM YHEPTUHU U YCTPOMCTBA Mepeayu U NpeoOdpa3oBaHus dHEP-
ruu (mpoBoja, TpaHchopMaToOpsl U AP.).
Kaxxpiii TeHepaToOp U NIPUEMHHUK UMEIOT J1Ba 3a)KMMa (I0JIF0Ca) BBIXOJHBIE /ISl TeHepa-
TOpa W BXOJIHBIE JUJIsl IPUEMHUKA Yyepe3 a, C MOMOIIbI0 KOTOPBIX Yepe3 CUCTeMY Mepeaa-
YW OCYIIECTBISAETCS CBSI3b MEXAY HUMH. X Ha3bIBaIOT ABYXIOJIOCHUKH.
B o6miem cinydyae HCTOYHUKH U IPUEMHHUKU MOTYT O0OBbEJUHATH HECKOJIBKO JIBYXIIO-
JIOCHUKOB, COEIMHEHHBIX MOCIEI0BATEIbHO UJIH MapaJuieibHO.
JIByXTIOJMIOCHUK HA3BIBAIOT aKMUBHBIM, €CIIM OH COJEPKUT UCTOUHUK DC; MPHU OTCYT-

CTBUM MCTOYHHUKA DJC ABYXITOJTIOCHUK OYIET NACCUBHBIM.
CoenuHeHue 3JI1EMEHTOB AJIEKTPUUYECKOH e MOXET OBITh MOCJIeJOBATEIbHBIM, Ta-
paJIEIbHBIM U CMEIIAHHBIM.
Y4acToK 3JIEKTPUUECKON I[eTH, IO KOTOPOMY MPOXOJUT TOK OJTHOTO U TOTO K€ 3Haue-
HUS U HaNIpaBJICHUS, Ha3bIBAIOT BETBBIO.
VY3en 3eKTPUYECKOM e Ha CXeMe OTMedaeTcs KUpHOM Toukoi. Eciu Ha cxeMme Me-
CTO CKpEUIMBAHUS BETBEW TOUYKON HE OTMEUEHO, 3TO 03HAYAET, YTO ANEKTPUUECKOTO COCIU-
HEHUS MEXTy HUMU B MECTE UX TepeceveHus HeT.
3aMKHYTYIO 3JIEKTPUUIECKYIO O IeTb, 00pa3yeMyr0 OJJHOW WIJIM HECKOJIBKUMH BETBSIMH, Ha3bI-

BAalOT KOHTYPOM.

KoHTyp, BHYTpH KOTOPOTO HE JISKAT APYTUe BETBU, CBA3BIBAIOIINE MEKIY COOOM €ro y3IIbl,
HA3bIBAIOT MPOCTHIM (WK siueiikoii). Hampumep, B cxeme puc. 8 coaepKuTcs 1mecTh BETBEH, ue-
TBIPE y3J1a U TPU MPOCTHIX KOHTYpa.

AHanu3 3NMEeKTPUIECKON IIEMH MOXKET OBITh TPOU3BEJICH M HKCIIEPUMEHTAIbHO, WIIN pellie-
HUEM YPaBHEHUH €€ JIEKTPHUUECKOTO COCTOSHUS.
OcHOBHBIMHU (PM3UYECKUMU 3aKOHAMHU, TTO3BOJISIOLUIUMHE OMUCATH JIIOOBIE PEKUMBI dJIEKTpHYe-

CKOM 1IeTIH, SIBIIAIOTCS 3aKOHBI OMa, COXpaHEHUs 3aps/ia U COXPAaHEHUs SHEPTUH, Ha OCHOBE
KOTOPBIX COCTaBJISIOTCS YPaBHEHUS DJIEKTPUUECKOTO COCTOSIHUS BETBH, Y3712 U KOHTYpa.

ITpu nocnenoBaTeIbHOM COETMHEHNHN pe3ucTopoB Ros = R1 + R2.
R1R2

R1+R2
Benununny, o0paTHyro conportuBieHuo (1/R) Ha3pIBarOT 3JEKTPUUECKOIT IPOBOIUMOCTBIO.

Ecnu napaymiensHO coelMHEHO 7 paBHBIX MEXTy cOO0M compoTuBieHui R, To o0Iiee conpoTusiie

O6mee CONMPOTUBJICHHUEC LCITU ITPU NAPAJICIBHOM COCIUHCHUU Ros =

R
H1Ee Ros =—
n

CMemanHoe COCAMHECHUEC 3JICMCHTOB IICIIM O3HA4YacT, YTO OJHA 4aCThb BETBEH IICTIH COCU-
HCHA MapaJuICJIbHO, a ApyTrad —II0CICA0BATCIIbHO. B stom cirydac 1 OpeaACICHUA 06HI€FO
COIIPOTUBJICHUA PCKOMCHAYCTCA BCIO IICTIb ITPUBCCTHU K HanOoee MpoCTOMY BHUY — IIOCJICI0-
BAaTCIIbHOMY COCIUHCHUIO, a4 3aTCM BBIYHUCIINTH 0611_166 CONMPOTHUBJICHUC.

Xox paboTsrI:
ITapasyenbHOe coelMHEHUE PE3UCTOPOB.
OmnbiT Nel. 1.1. CoOpath 31eKTpUUYECKYIO CXeMY, TIOKa3aHHYI0 Ha pucyHke Nel:
1.2. TpeabsBUTH COOPAHHYK) CXeMy /JIsl TPOBEPKH

npenojgaBareo!
| @ * _ 1.3. Ha Gnoke ammepmeTpa-BOJIbTMETpa HaXXaTh KHOIKY
./ «CeTb», OCcTalmbHBIC TPH KHOTKHU BBIOOpa: MA, MKA, =1 =~
+ U  MOIDKHBI OBITH OT/KATBL
1.4. Ilpenensl Ha aMnepMeTpe U BOIBTMETPE YCTAaHOBUTH
GE R1 C\D Ha 20 MA u 20B.
- #  1.5. Ha Gioke reneparopoB I'H HaxxaTh kHOTKY «CeTh» U

B reHepatope 0...15 B BKIIIOUYHTH €ro BHYTPEHHEE COIPO-




tuBiieHne Rpul.
Puc.Nel
1.6. Habinronast 3a moka3aHUsIMU BOJIBTMETPA PETYJISITOPOM YCTaHOBUTH BBIXOJHOE HAIPSKEHUE
c reaeparopa U = 2B
1.7. Ilokazanus nmpubopos 3anucathb B Tabiuity Nel (cronbOusl 2 u 4).
1.8. OTKJIIOYUTDH reHepaTop U NPUOOPbI KHONMKAMH «CeTby.
OnbiT Ne2. 2.1. Caenath cienymollee U3MEHEHHE B cXeMe: BMecTo pe3ucrtopa R1 moxacoenu-
HUTB pe3uctop R4.
2.2. BHOBb BBINIOJIHUTG MYHKTHI ¢ 1.3. mo 1.8.
OmnbiT Ne3. 3.1. CoOpath 37IEKTPUUYECKYIO CXEMY, TOKa3aHHYIO Ha pUCYHKe Ne2.

3.2. lIpenbsABUTH COOPAHHYIO CXeMY /ISl IPOBEPKH MpenoaaBaTesiio!
3.3. BHOBB BBITIOJIHUTH TTYHKTHI ¢ 1.3. mo 1.8. Ecim Oyner HeoOXxoaumMo, To Ipeien aMmrepMerpa

ycTaHoBuTh Ha 200MA.

I/‘\*
A

@ [

Puc.Ne2

ITocaenoBaTesbHOE coeIMHEHNE PE3UCTOPOB
OnbiT Ned. 1.1. CoOpathb 31EKTPUUYECKYIO CXEMY, TOKA3aHHYIO Ha pUCyHKe Ned:
Puc.Ned
* 4.2. IloncoequHUTH BOJIBTMETP K TOUKaM | U 3 cXeMBl.
I A o 4.3. llpenbABUTH COOPaHHYIO CXeMY /IS NPOBEPKM Iipe-
NnoaBaTeIio!
R1 U 44 Ha Onoke ammepMeTpa-BOJIbTMETPa HaKaTh KHOIKY

=+

69 A C\D «CeTb», OCTallbHbIE TPU KHOIKHU BBIOOpA: MA, MKA, = U =
= JOJIKHBI OBITH OTXKAThI.

4.5. Ilpenensl Ha aMIepMeTpe U BOJBTMETPE YCTAHOBUTH CO-
oTBeTcTBeHHO Ha 20 MA u 20B.

3 4.6. Ha Gnoke reneparopoB I'H Haxare kHOnKy «CeThb» U B
redepatope 0...15 B BKIIIOUNTH €ro BHYTpPEHHEE CONPOTHUB-

nenue Rpn!.

4.7. HaGntonas 3a moKa3aHUSIMU BOJIBTMETPA PETYIATOPOM YCTAHOBUTDH BBHIXOJHOE HANpsKEHUE
c renepatopa U = 3B.

4.8. [Tokazanus nmpuOOpoB 3amucath B Tabauiry No2 (ctonOisl 2 v 3 — BCs 1IETIb).

4.9. N3mepuTh HampspKeHUE Ha pe3uctope R1, s 3Toro moicoeMHUTH BOJIBTMETP K TOUKaM 1
u 2 cxembl. [lokazanust npubopoB 3anucath B Tabauiry Ne2 (ctonOusl 2 u 3).

4.10. 3mepuTh HampspKkeHHE Ha pe3uctope R2, 11 3TOro noJcoeAMHUTD BOIBTMETP K TOUKaM 2
u 3 cxembl. [lokazanus nmpudbopoB 3anucath B Tabauiry Ne2 (cronOusl 2 u 3).

Tabnuma Nel

R3a11 UyCT Opacu II/ISM Ppacq Ipacq Al Y
No En. n3m. Om |B CMm mA | A Bt A A %
omeITa | Cxema 1 2 3 4 5 6 7 8 9
1 Puc.Nel ¢
pe3ucro-

pom R1




2 Puc.Nel ¢

pe3ucTo-

pom R4
3 Puc.Ne2

Bces nens

Tabauma No2
Raax Usisu L Ppacu Ipacu Al Y

En. uzm. | OMm B mA A Bt A A %
Vuactok | 1 2 3 4 5 6 7 8
Lenu
R1
R4
Bes
Lenb

IMopsiioK BHINOJIHEHUS PACYETOB.

5.1. PaccuntaTth Rsan Ut Beeil nenu (pacyer T0JKeH ObITh IOKa3aH B OTYETE), pe3yJIbTaT 3aHe-
ctu B a0y Nel (cromberr 1).

5.2. IlepeBectu 3Ha4eHUS TOKA |z M3 MA B aMIiepbl, pe3ysibTaThl 3aHECTH B Ta0uiry Nel
(crousber 5).

5.3. PaccunTath cuity Toka lpacu o 3akoHy OMa Juis ydacTKa Lenu (BCe pacyeThbl JOJKHBI ObITh
MOKa3aHbI B OTUETE), pe3yabTaThl 3aHecTH B Tadbmuiy Nel (cronber 7).

5.4. 3amoNHUTL BCE OCTAJbHBIC CTOJIOIBI TAOJHMIIBI, MCIOJB3YS JIOTOJIHUTEIBHBIC PacUYeTHBIE
(bopMyIIbL:

IMapaiesibHOE COeTHHEHHE PE3HCTOPOB.

[TpoBOANMOCTD y4acTKa e Jpacu = 1/ Raag;

Pacuetrnas MOIIHOCTD Ppacy = Unsm * lusw;
AbcomtoTHas norpettHocTh U3MepeHUst Al = lusy - lpacy ;
OtHocuTenbHass morpetHocTh u3MepeHust Y = (Al/ lpacq)*100%

(BCC JAaHHBIC PACUCTBI JOJIKHBI OBITh TTOKA3aHEI B OTLIeTC)

5.5. Y6emurwced, uro; U = const; lu=h+l+l3; 1/Ry=1R1+1/R2+ 1/R3;
Py =P1+ P2+ P3; gu=0g1+ Qg2+ Q3
IMocsienoBaTe/ibHOE COeTHHEHHE PE3UCTOPOB
| = const; Un=Ur+Ux+ Us;
RII=R;1+R2+R3; Pi=P1+ P2+ P3;

(Bce maHHBIC pacyeThl JOJKHBI ObITh BHITIOJHEHBI B OTUETE).

5.6. Cnenath BBIBOJ MO MYHKTY 5.5. - Kak BBINOJIHAIOTCA 3aKOHBI MAPAIJIEIBLHOIO U TOCJIEI0Ba-
TEJIBHOI'O COEIUHEHUS.
5.7.0TBETUTH BONPOCHI

1. Uto Ha3bIBaeTCs 3JIEKTPUUECKUM CONPOTUBIECHUEM ?

2. Jate omnpeneneHue y3iy, BETBU U KOHTYPY LIEIH.
3. AMrnepMeTp Ha3HauY€HHUE, METO/ MOKIIOUECHHUS.
4, BosbeTmeTp Ha3HaUeHUE, METO TOAKITIOYEHUS.

5.7. CocTaBUTh OTYET 110 BBINOJIHEHUIO Ja00paTOPHO-TIPAKTHUECKONW pabOThI, COOMI01as TPaBH-
7a oopMIIEHUS U CIaTh MPENO0/1aBaTeNIo.



IIpakTyeckas padora Ned

Tema 2. JeKTpu4YecKHe HeNnH MOCTOSTHHOTO TOKA

Pacuer nmpocThIX 3JIeKTPUYECKHUX Henei

Hean padoThI: 3aKperyieHue OCHOBHBIX MOHSITHI 110 TEMe

TeopeTuyeckas 4acThb

B aenu ¢ UCTOYHUKAMHU MOCTOAHHOI'O TOKa MOXXHO HCKIHOYUTH BCC MHAYKTUBHOCTH, 3a-

KOPOTHB UX, a BCE€ BETBH, COJEprKallUe KOHAEHCATOPbl, — PAa30MKHYThb. B 3TOM ciydae
ypaBHEHHE JIEKTPUUYECKOTO COCTOSIHUS KOHTYpa MPpHUoOpeTaeT BUI:
ERI == ZF.

B ypaBHeHUU MOJOKUTENbHBIE 3HAKU MPUHUMAIOTCS IJISl TEX TOKOB U 3JIC, HAIMIPABJICHUS KOTO-
PBIX COBHAJAIOT C MPOM3BOJIBHO BEIOPAHHBIM HAIPABICHUEM 00X0/1a pacCMaTpUBAEMOT0 KOHTY-
pa. [Ipu 3ToM B KauecTBE MPUEMHUKOB MOTYT OBITh HECKOJIBKO PE3UCTOPOB, BKIIFOUEHHBIX MO-
CJIEIOBATENIbHO U MapajienbHo. Eciy U3BECTHBI 3/1C T€HEpaTopa, €r0 BHYTPEHHEE COIIPOTUBIIE-
HUE U COMPOTUBIIEHUE PE3UCTOPOB, TO TOKH BO BCEX BETBSIX MOXHO HAaWTH, UCTOJB3YS METOJ
npeoOpa3oBaHus (CBEPTHIBAHMUS) HIIM METO]I TIPOTIOPLNOHATBHBIX BEJIMYHH (TI0100US).

DTOT METOJ COCTOHUT B 3aM€HE€ I'PYIIN MOCIeA0BAaTEIbHO U MapajlieJIbHO COEIMHEHHBIX
pPE3UCTOPOB SKBUBAJIEHTHBHIM R3. 3areM mo ypaBHEHHIO COCTOSIHUS IPOCTOr0 KOHTYypa
HaXoJsT TOK B Hepa3BeTBIEHHOI dactu 1nenu. [locpenctBom obGpaTHOro nmpeobpaszoBa-
HUS HAXOJSIT TOKU BO BCEX BETBAX 3aJaHHOW LENU.

MeToa MponopIrOHATbHBIX BETUYHH (10100 )

CyIHOCTh METOJ]a COCTOUT B I'OM, YTO B DJIEKTPUUYECKON CXEME 3aJar0TCsl IPOU3BOJIbHBIM
3HaYEHHEM TOKa B OJHOM M3 BETBEH U 3aTeM I0CIIE OMpPEeIeeHHs] TOKOB B APYTUX BETBSIX HAXO-
1at oac E'. CpaBauBarot nonydeHHoe 3Hadenune E' ¢ 3amannoii 3¢ E, Haxomar kodddunmeHt
nponopunonansHoctd K=E/E'. [lng HaxoxaeHUs NeWCTBUTEIBHBIX TOKOB B BETBSIX CXEMBI MO-
Jy4eHHbIE 3HaYCHHsI TOKOB YMHOXatOT Ha KoapdunueHt K.

Pacuer ci10:HOM 2IEKTPUUECKON LIETIN

JIt00y10 BETBb NIEKTPUUYECKON LIETIH MOCTOSIHHOTO TOKA, U3 CKOJIBKUX Obl 2JIEMEHTOB OHA HU
COCTOsAJIa, MOKHO MTPUBECTH ITyTeM MPeoOpa3oBaHUs K JBYM 3JI€MEHTaM: aKTUBHOMY M MACCHB-
HoMmy {E u R). O0muii ananmu3 caoKHOM 3JIEKTPUUECKOM LeNH, KOr/la U3BECTHBI KOH(UTyparus
LIENHU U NapaMeTphl €€ DJIEMEHTOB, COCTOMT B HAXO0XKJIEHUH TOKOB M HAINPSKEHUM BO BCEX BET-
BAX, a TAK)K€ MOIIIHOCTH Ha yJacTKax LIeMu. JTa 3ajjaya MOXKeT ObITh pelleHa ¢ TOMOUIbIO ypaB-
HEHUH 2JIEKTPUUECKOTO COCTOSIHUSL.

[Tpu cocTaBieHNN ypaBHEHUH 3JIEKTPUUYECKOTO COCTOSTHUSL PEKOMEHYETCS TPUAECPKUBATHCS
OIPEEIIEHHON MTOCIIEN0BATEIbHOCTH

1) 3agaThCst MPOU3BOJILHO-TIOIOXKUTEIbHBIMY HAIIPaBICHUSMU TOKOB BO BCEX BETBSIX;

2) cocTaBUTh ypaBHEHUS IS Y3JIOB;

3)cocTaBUTh ypaBHEHUS I KOHTYPOB.

OO1iee 4yncio ypaBHEHUN JTOMKHO OBITh PABHO KOJMYECTBY HEU3BECTHBIX, T. €. KOJTUYECTBY
TOKOB BETBEH B. DTH ypaBHEHHUS JOKHBI ObITh HE3aBUCUMBI, T. €. HU OJJHO U3 HUX HE JOJIKHO
OBITH ClleZICTBUEM Ipyrux. Tak, YUCIIO ypaBHEHUH, COCTaBIEHHBIX JJIS Y3JIOB, JOJDKHO OBITH Ha
€MHMILY MeHbIle olulero uucna y3iaos (y—1). JlelicTBUTEIbHO, KaX/aasi BETBb CBSI3bIBACT JIBA
y3J1a ¥ IOATOMY 3HAYE€HHE TOKA B OJIHO YPaBHEHHE BOWJET CO 3HAKOM «ILIIOC», a B IPyro€ — CO
3HaKOM «MHHYC». Clie10BaTeNbHO, OJJHO Y3JI0BOE YPaBHEHUE OKAXKETCS JIUITHUM.

KonunuecTBO KOHTYpHBIX ypaBHeHHH k onpenensercs u3 Boipaxenus k=b-(y-1) IIpu Beidoope
KOHTYPOB JUISl COCTaBJICHUSI YPABHEHU CIIeTyeT UCXOAMTh U3 TOTO )K€ IMPUHLIMIIA HE3aBUCHUMO-
cTi ypaBHeHUH. KOoHTYpbl HEOOXOMMO BBHIOMPATh TaK, YTOOBI B CUCTEMY COCTaBIIIEMBIX YpaB-
HEHUIl BOILIUIM BCE BETBU CXEMBbI, a B K&KIBIH U3 KOHTYPOB — HAUMEHBIIIEE YHCIIO BETBEH.

Hapsiny ¢ Tokamu u HanpsKeHUSIMU XapaKTEPUCTUKOM JIEKTPUUYECKON LI SIBJISIETCS TaK-
’Ke DHEPreTUYeCKoe COCTOSIHUE: OalaHC MOIIHOCTEH, BbIAENIEMbIX HCTOUHUKAMU SHEPTUU U TO-
TpeOIIEMBIX IPUEMHUKAMHU.



W3 3ak0HA COXpAaHEHUs SHEPTUU I JIFOO0O0M SIEKTPUUECKON Ienu anrebpandeckas cymMma
MOIIIHOCTEW MCTOYHMKOB 3JIC paBHA CyMME MOIIHOCTEH, MOTPeOIseMbIX B MPUEMHUKAX (pe3u-
CTOpax):

Ecnu nHanpaBieHus 31C ¥ TOKa, JEHCTBYIOLIMX B BETBU, COBIAJAIOT, TO MOIIHOCTb TaKOI'O
HCTOYHUKA 3/IC OYAET B YPAaBHCHHUU CO 3HAKOM IUIIOC — HMCTOYHUK OTJACT SHEPTHIO B IeTb (pa-
OoraeT B pexxuMe reHeparopa). Ecnu HanpaBneHue neiicTBUS 37C HE COBIAJAET C HAIllPaBJICHU-
€M TOKa B BETBH, TO UCTOYHUK 3JIC MOTPEOIISICT YHEPTHIO U B YPABHEHHUH OYyJIET 3HAK «MHHYC).

PanmonanusupoBaHHbIE METOABI OOIIETO pacyeTa IEKTPUIECKUX Lenei

Pemienue cucteMbl ypaBHEHUI AJIEKTPUUECKOTO COCTOSIHUS Y3JIOB U KOHTYPOB, €CIIU KOJIM-
YEeCTBO BETBEH B AJIEKTPUUECKOM 11enu Oosiee TpeX, CO3/1aeT U3BECTHbIE TPYAHOCTH.

YOpocTUTh pacyeT CIOKHBIX 3JEKTPUUYECKUX LENEW BO3MOKHO JIByMs METOJAaMH: HaJlOXKe-
HUS (CYNEpIIO3ULIMU) U ¢ TOMOIIbIO BCIOMOTaTeIbHbIX HEU3BECTHBIX.

MeTol HaOKEHUSI COCTOUT B MPEIBAPUTEIBHBIX MPEOOPA30BAHUSX, MTO3BOJISIOIIUX CIOXK-
HYIO L€Nb [IPEACTABUTh HECKOJIbKUMH MPOCTHIMU LIETISIMU.

MeTton BCIOMOTATENbHBIX HEU3BECTHBIX - KOHTYPHBIX TOKOB MJIM Y3JIOBBIX IMOTEHIIMAJIOB,
3aKJIFOYAETCSl BO BBEJICHUM 3TUX HEU3BECTHBIX B PACUETHI, YUCIIO KOTOPHIX CYIIECTBEHHO MEHb-
1€ Yucila BETBEH B LICTIH.

Metoa HanoOKEHUs UCIOJIb3YETCs JUIsl JMHEHHOM cucTteMbl. [IpuHIKN HanOXeHus 3aKirova-
€TCs B TOM, YTO €CJIM JIMHEWHAs LENb MOJIBEPracTCs BO3ACHCTBUIO HECKOJIBKUX UCTOYHUKOB 3C
OJIHOBPEMEHHO, TO peakius (TOK) IIeMH Ha 3TU UCTOYHHUKHU PaBHA alreOpandeckoil CymMMme peak-
1M (TOKOB) Ha KaX10€ BO3JICUCTBUE OTIEIBHO.

MeToa KOHTYPHBIX TOKOB

B Metone KOHTYpHBIX TOKOB B Kade€CTBE MPOMEKYTOUHBIX NMEPEMEHHBIX BBHIOMPAIOT TOKH,
3aMBIKAIOLIMECS B KaX/I0M KOHTYPE U Ha3blBaéMble KOHTYPHBIMHU. B 3TOM ciyyae umcio ypas-
HCHHMI YMCHBIIACTCS JI0 YKC/Ia HE3aBUCHMBIX KOHTYPOB (sueek), T. €. 10 k=b-(y-1). OueBumaHo,
9TOT METOJ OyaeT BeIrofieH, Koraa k=<(y-1).

IIpu pacuere PNEKTPUUECKUX LIENEH METOJAOM KOHTYPHBIX TOKOB, CIEAYET PYKOBOJICTBO-
BaThCsl CIEAYIOUIMMU ITpaBUJIaMu:

1. Ywucno KOHTYpHBIX TOKOB, 3aMBIKAIOIIUXCS Y€pe3 KKy W3 BETBEU, JOJKHO OBITH IO
BO3MOXXHOCTH MUHUMAJIBHBIM, T. €. CIIEyeT BEIOUPATh TOJIBKO MTPOCTHIE KOHTYPHI;

2. TlomokurenpbHBIC HAIMPABJICHUS KOHTYPHBIX TOKOB MOXKHO BBIOMpaTh MPOW3BOJIBHO,
nyuiie (ynoOHee) 1o 4acoBOM CTpelKe.

MeToa y3710BOr0 HANPSIZKEHU ST

Ecnu pa3zBeTBneHHas 1[eNb UMEET TOJIBKO JIBa y3J1a WM IMyTeM HECIOKHBIX MPeoOpa3oBaHMiA
MOKET OBITh IPUBEJIEHA K JIBYM y3JIaM, TO aHAJIU3 TAaKUX IETIel BEAyT METO/IOM JBYX Y3JIOB, KO-
TOPBIN HAa3bIBAIOT METOJIOM Y3JIOBOI'O HAMPSKEHUS.

Mertoibl aHamM3a PEKUMOB OTJAEIBHONW BETBH MIIM YAaCTH JIEKTPUUYECKON LU

B mpakTuke BO3HHKAEeT HEOOXOJUMOCTh HCCIIENOBATh PEXKHUMBI OTIACIbHBIX YYaCTKOB WM
BETBEU CXEMBI MPU W3MEHEHUH MX MapaMeTPOB WM MapaMeTpOB Ha JPYTUX y4acTKax (BETBAX)
CXEMBbI, BRIOPAaTh ONTHUMAIbHBIE PEKUMBI UX padOThI, HATPUMEP MPH MAKCUMaTbHOW MOIIHOCTH,
3aIaHHOM KO3 (UIMEHTE TOJIE3HOTO JACHCTBUS, MOTYyUYEHUN JIMHEMHOCTH W CTAaOMIIBHOCTH Xa-
PaKTEpUCTUKH MPU U3MEHEHUU PEKUMOB UCTOYHUKA MUTAHUS U JIP.

Bo3zneiicTBue CIoXKHOW aKTUBHOW JJIEKTPUUYECKOW Ienu (aKTHBHOTO JBYXIIOJIOCHHKA) Ha
HCCIIEYEMYIO BETBb MOKHO 3aMEHHUTH BO3JECHCTBUEM IOCIEN0BATENBHO COEIUHEHHBIX dAC E, u
€ro BHYTPEHHETO CONpPOTUBIIEHN RB.

Pacyer nenu ¢ OAHMM MCTOYHMKOM MUTAHUS



3amaua 1. B nienu, cxema kotopoii npuBeneHa Ha puc. 1.29, DJIC akkymynasaTopHOU OaTapen
E = 78 B, ee Buyrpennee conportusienue 1o = 0,5 Om. Conporusnenus pe3ucropoB R1 =10 Owm,
R2 =5 Owm, R3 =4 OM. BbruncnuTh TOKM BO BCeX BETBAX LIEMU U HANPSHKEHUS HA 3aKuMax Oara-
PEU U Ha KaX/10M UX PE3UCTOPOB.

AHajan3 u peumieHue 3agaum 1

1. O6o3HaueHue TOKOB U HANPSKEHUI HAa y4yacTKax LIETH.

Pesucrop R3 BKiIIOYEH MocineAoBaTeabHO ¢ MCTOYHUKOM, MOSTOMY TOK | mist HUX Oynet
o0mmM, Toku B pe3uctopax Rim Ry 0603Haumm cootBercTBeHHO 1 M I2. AHayiormuHo 0003Ha-
YUM HanpsDKEHUS Ha y4acTKax LEMu.

2. Omnpenenenye SKBUBAJIEHTHOTO COIPOTUBIICHUS LIENU:
Ry=rp+R3+R1R2/(R1+R2)=0,5+4+5*10/(5+10)=7,8 Om

3. Tok B 11leNIM UCTOYHUKA PACCYUTHIBaEM 10 3aKoHYy Oma:

I=E/R,=78/7,8=10 A.

4. OnpeneneHue HaAPsHKEHUN HA y4acTKaX LETH:
U12=R121=3,3*10=33B; U3=R31=4*10 =40 B;
U=E-rl=78-05*10=73B.

5. Omnpezenenrie TOKOB U MOITHOCTEM BCEX YYACTKOB:
l1=U12/R1=33/10=33A;1,=U12/R2=33/5=6,6 A;

P1=R1 1i?=Ui2 l1 =108,9 Br; P, =Rz I,> = U1z I, = 217,8 Br;
P3 =Rz I = U3 I =400 Br.

Mo1HOCTb OTEph HAa BHYTPEHHEM CONPOTUBIIEHUN NCTOYHUKA
[P =10 I*=50 Br.

Momnocts ucrounuka P = E [ =780 Br.

JlonoiHUTeIbHBIE BONPOCHI K 3aaa4e 1

1. Kak npoBepUTh NPaBUIBHOCTD PELICHUS 3a1a4n?

[TpaBUJIBHOCTH BBIUMCIIEHHSI TOKOB MOYKHO MPOBEPUTDH, COCTABUB YpPaBHEHHE Ha OCHOBaHHUHU
nepBoro 3akoHa Kupxroga: I =11 + I2.

[TpaBUJIBHOCTH pacueTa MOLIHOCTEH NPOBEPSIOT IO YpaBHEHHIO OajaHCca MOIIHOCTEM:
P=Py1+ P2+ Ps+ [IP.

2. KakuM Oynet HampspkeHHe Ha 3a)KMMaxX UCTOYHHKA, TIPU 0OpBIBE B IIETH pe3rcTopa Rs?

Oto Oynet pexum xonoctoro xoaa ucrounuka IJIC, npu koropom U = E, T.k. TOk | paBen
Oulrg=0.

3. Kakum OyzeT TOK B LI€TIM KICTOYHHUKA MPH KOPOTKOM 3aMbIKAHUU Ha €ro 3aXuMax?

B pexume xopotkoro 3ambikanus U =(0 M TOK MCTOYHHMKA OTPAHUYMBAETCA TOJIBKO €ro
BHYTPEHHUM COIIPOTHUBIIEHUEM
le=E/ro=78/05=156 A.

4. Kak nu3MeHsTCs TOKH B CXeMe MpH yBenudeHuu R1?

[Tpu yBenuuenun Ri yBennumBaeTcsi CONpPOTHUBIIEHUE MapajuIEIbHOTO y4yacTKa cxeMbl Rio,
MI03TOMY YBEJIIMYMBAETCS CONPOTUBIEHUE Rsws, 4TO NpHUBOAUT K yMeHblIeHHIO Toka [. Ilpum
yMmeHbllieHnu | ymensbInatores najneHust HampspkeHust | Rs u 1 1o u, B COOTBETCTBHM CO BTOPBIM
3akoHoM Kupxroga, Hanpspkenue Ha pa3serBiennu Uiz = E - | (Rs + ro) Bospacraer, uTo npuBo-
AT K yBEJIMYEHUIO Toka B pe3uctope Ro. T.x. Tok | ymeHnbmiaercs, a Tok 2 Bo3pacraer, TOok
I1 =1 - laymenpmaercs.



IIpakTyeckas padora NeS

Tema 2. JeKTpu4YecKHe HeNnH MOCTOSTHHOTO TOKA
Pacuer cJIO:KHBIX 3JIEKTPHUYECKHUX Lenei

Hean padoThI: 3aKperyieHue OCHOBHBIX MOHSITHI 110 TEMe
Teoperudeckast 4acTh:

JIt00yr0 BETBB MEKTPUUYCCKON IETH MOCTOSTHHOTO TOKA, U3 CKOJBKUX OBl AJICMEHTOB OHA HH
COCTOSJIa, MOXHO TMPUBECTHU ITyTEM MPEeoOpa30BaHUs K JABYM 3JIEMEHTaM: aKTUBHOMY U MACCHUB-
Homy {E u R). O0muii aHanm3 CI0KHOM 3JIEKTPUIECKOH eI, KOT1a U3BECTHBI KOH(UTYypaIus
[ENU U MapaMeTpsl ee 2JIEMEHTOB, COCTOMT B HAXOXKJICHUH TOKOB M HAIPSHKEHUM BO BCEX BET-
BSX, @ TAK)KE MOIIIHOCTH Ha yJacTKaXx [ENu. JTa 3a7a4a MOXKET ObITh PEIICHA C MTOMOIIBIO YpaB-
HEHUU 3IEKTPUUYECKOTO COCTOSIHHUSL.

[Tpu cocTaBiieHUH ypaBHEHUHN 3JIEKTPUUECKOTO COCTOSHUSL PEKOMEHTyeTCsl TPUIEPKUBATHCS
OTIPEIETICHHOM MOCIe0BaTeIbHOCTH

1) 3agaThCs MPOU3BOJILHO-TIOJIOKUTEIBHBIMY HAIIPABICHUSIMU TOKOB BO BCEX BETBSIX;

2) cOCTaBUTbH YpaBHEHUS ISl Y3JIOB;

3)cocTaBUTh ypaBHEHUS I KOHTYPOB.

OO11ee 9yuCIIO YpaBHEHUI JIOJDKHO OBITH PABHO KOJIMYECTBY HEU3BECTHBIX, T. €. KOJIMYECTBY
TOKOB BETBEH B. JTU YpaBHEHUS JOJDKHBI ObITh HE3aBUCHUMBI, T. €. HU OJIHO U3 HUX HE JOJKHO
OBITH CJIEICTBUEM JIpYruX. Tak, YUCIIO YpaBHEHUM, COCTABICHHBIX ISl Y3JI0B, OJDKHO OBITH Ha
eAMHUILY MEHbIle olmiero uncia y3iaoB (y—1). JlelicTBUTeIbHO, KaX1asi BETBb CBSI3bIBACT JBa
y371a ¥ TTOATOMY 3HAUYE€HHUE TOKA B OJIHO YPAaBHEHHUE BOMAET CO 3HAKOM «ILIIOCY, & B IPYroe — CO
3HaKOM «MHHYC». Clie10BaTeIbHO, OJJHO Y3JI0BOE YPAaBHEHUE OKAXKETCS JIUIITHUM.

KonnyecTBo KOHTYpHBIX ypaBHeHH# k onpenensiercs u3 Boipaxkenus k=b-(y-1) ITpu BeiOope
KOHTYPOB I COCTaBJICHUSI YPABHEHUI CIIeyeT UCXOAUTh U3 TOTO K€ MPUHIIUIIA HE3aBUCHUMO-
ctu ypaBHeHni. KoHTYpBsl HE0OX0aMMO BBIOMpATh TaK, YTOOBI B CHCTEMY COCTaBIIIEMBIX ypaB-
HEHUIl BOIIUTM BCE BETBU CXEMBI, a B K&KIBIA U3 KOHTYPOB — HAUMEHBIIIEE YHCIIO BETBEH.

Hapsiny ¢ TokamMu 1 HampsiKEHUSIMUA XapaKTEPUCTHUKOM JIEKTPUUYECKON TENHU SBISETCSA TaK-
K€ DHEPreTUYECKOE COCTOSIHKE: OaTaHC MOITHOCTEH, BBIIEISIEMbIX HCTOYHUKAMH YHEPTUU U TI0-
TPeOIIEMBIX TIPUEMHUKAMH.

W3 3ak0Ha COXpaHEHUs SHEPTUU I JI000M SIEKTPUUECKOl 1enu anredbpandeckas cymMma
MOIIIHOCTEW MCTOYHUKOB 3JIC paBHA CYMME€ MOIIHOCTEH, MOTPeOIsieMbIX B TPUEMHUKAX (pe3u-
CTOpPaX):

Ecnu mampaBieHust 57C U TOKa, NEUCTBYIONMIUX B BETBU, COBIAJIAIOT, TO MOIIHOCTh TaKOTO
MCTOYHUKA 3]IC OYAEeT B YPaBHEHUU CO 3HAKOM ILUIIOC — HUCTOYHUK OTJAET SHEPTHUIO B LeTb (pa-
OoTtaer B pexxuMe reHeparopa). Eciiu HampaBieHue IeWCTBUS 3/IC HE COBIAIAET C HAIlpPaBIECHU-
€M TOKa B BETBH, TO UCTOYHHUK 3IC MOTPEOIISIET SHEPTUIO U B YPaBHEHUH OyIeT 3HAK «MHHYCY.

Panmronanm3npoBaHHbBIE METOIBI OOIIIETO pacueTa IMEKTPUICCKUX TIeTei

Pemienne cucrembl ypaBHEHUN 3IEKTPUUYECKOTO COCTOSHHS Y3JIOB U KOHTYPOB, €CIIH KOJIH-
YECTBO BETBEH B JIEKTPUUECKOM IeMH 0o0Jiee TPeX, CO3AET U3BECTHBIC TPYIHOCTH.

YHpocTUTh pacyeT CIOXKHBIX JEKTPUUYECKUX IENEeH BO3MOXKHO JIByMsI METOJIAMHU: HAJIOXKe-
HUSA (CYTEPIIO3UINHN) U C TIOMOIIBIO BCTIOMOTATEIbHBIX HEM3BECTHBIX.

MeTtol HalmOKEHUSI COCTOUT B MPEIBAPUTENBHBIX MPEOOPA30BAHUSX, MTO3BOJISIOMIUX CIOXK-
HYIO IIETTb MTPEICTaBUTh HECKOJIBKUMU MPOCTHIMU IICTISIMH.

MeTto BCIOMOTaTeNbHBIX HEM3BECTHBIX - KOHTYPHBIX TOKOB WIIU Y3JIOBBIX MOTEHIIHAJIOB,
3aKJTIOYAETCSl BO BBEJICHUH dTUX HEU3BECTHBIX B PACUETHI, YHCIIO KOTOPBIX CYIIECTBEHHO MEHb-
1IIe YHClia BeTBEH B IEMH.

Meto HaOKEHUST UCTIONIB3YETCS ISl IMHEHHON cUCTeMbl. [[puHIMI HATOXKEHUS 3aKIII0Ya-
€TCsl B TOM, UTO €CJIM JIMHEHHAas 1eNb MOABEPraeTcs BO3ACHCTBUIO HECKOIBKUX UCTOYHUKOB 3/]IC
OJIHOBPEMEHHO, TO pPeakius (TOK) IIeNU Ha 3TH UCTOYHUKH paBHA alre0Opanveckoil cymme peak-
Ui (TOKOB) Ha KaX/10€ BO3/IEUCTBUE OTJAEIBHO.

MeTo1 KOHTYPHBIX TOKOB



B MeTone KOHTYpHBIX TOKOB B KadeCTBE MPOMEKYTOYHBIX IEPEMCHHBIX BBHIOMPAIOT TOKH,
3aMBIKAIONTUECs B KaKJIOM KOHTYpPE W Ha3blBaéMble KOHTYPHBIMU. B 3TOM citydae 4ucio ypas-
HCHHMI YMCHBIIACTCS JI0 YKCiIa HE3aBUCHMBIX KOHTYPOB (sueek), T. €. 10 k=b-(y-1). OueBumaHo,
9TOT METOJI OyaeT BeIrofieH, Koraa k=<(y-1).

[Ipu pacuere >JE€KTpUUECKUX IIENEH METOAOM KOHTYPHBIX TOKOB, CJIE€IYET PYKOBOJCTBO-
BaTbhCsl CICIYIONTUMU TTPaBUJIaMU:

1. Ywuciio KOHTYPHBIX TOKOB, 3aMBIKAIOIIUXCS Yepe3 KKy U3 BETBEH, JOJKHO OBIThH 110
BO3MOYKHOCTH MUHUMAJILHBIM, T. €. CJIEIYET BEIOMPATh TOJBKO MPOCTHIC KOHTYPHI;

2. TlomoxxurenbHBIC HAIMPABICHUS KOHTYPHBIX TOKOB MOXKHO BBIOMpaTh MPOU3BOJIBHO,
ayudnie (ynoOHee) 1o 4acoBOM CTpPEJIKE.

MeTo/ y3710BOr0 HANPSIZKEHU I

Ecnu pa3BeTBiieHHAs 1IeNb UMEET TOJIBKO J[BA Y3J1a WJIU ITyTEM HECJIOXKHBIX MpeoOpa3oBaHui
MO>KET OBbITh IPUBEJICHA K JIBYM y3JlaM, TO aHAJIU3 TaKUX LIETel BeAyT METOI0OM JBYX Y3JIOB, KO-
TOPBIN HA3BIBAIOT METOJIOM Y3JIOBOT'O HAIMPSIKECHUS.

MeTobl aHAJIN3a PEKUMOB OTAEIbHON BETBU MIJIM YACTH JICKTPUUYECKON LenH

B npakTtuke BO3HMKaeT HEOOXOAMMOCTh HMCCIICOBATh PEKHMBI OTACIBHBIX YYaCTKOB HIIH
BETBEH CXEMBI IIPH U3MEHECHHH MX IMapaMEeTPOB WM MapaMeTpPOB Ha APYTHUX ydacTKax (BETBSIX)
CXEMBI, BBIOpPaTh ONTHUMAJIbHBIC PEKUMBI X paOOTHI, HAPUMEDP MPU MAKCUMAJIbHONH MOIIIHOCTH,
3aIaHHOM KO3 (PUIIUEHTE MOJIE3HOTO JACUCTBHS, IMOTYICHHH JIMHEHHOCTH W CTa0WJIBHOCTH Xa-
PaKTEPUCTUKH MPU U3MEHEHUHU PEKUMOB HCTOYHUKA ITUTAHUS U JIP.

BosnelictBre CIOKHOW aKTUBHOM AJICKTPUYECKON MENu (aKTHUBHOTO JABYXIMOJIOCHHUKA) HA
HCCJICYEMYIO BETBb MOYKHO 3aMEHUTH BO3JICHCTBUEM IOCIICIOBATEIFHO COCTMHEHHBIX 3/C E, n
€ro BHYTPEHHET0 COMPOTUBIICHUS RB.

Pacuer ci10:kHBIX Heneil npu nomomu ypasHennii Kupxroga

3anaya 2. Paccuurath cxemy puc. 1.30, cocTaBUB CUCTEMY ypaBHEHUI Ha OCHOBAaHHUHM 3aKO-
HoB Kupxroda.

Hcxonubie naHHbIE K 3aa4€:

E1=60B; E> =80 B; E3=70 B;

R1=200OwM; R2 =50 OM;EI‘03 =5 0mM; R4 =65 OMm; Rs =85 Om.

puc. 1.30

HcxonHble JaHHBIE K 3a7a4e:

E1 =60 B; E> =80 B; E3 =70 B;

R1 =20 Om; R2 =50 Om; roz3 =5 Om; R4 = 65 Om; Rs = 85 Om.

AHaJu3 U pelieHHue 3a1a4M 2

1. Onpenenenre HEOOXOUMOTO YHCIIAa yPaBHEHUH.

B cxeme puc. 1.30 maTe BeTBEH M s pacyeTra TOKOB B HUX HAJ0 COCTaBUTH ISATh ypaBHE-
Huil. Ilo mepBomy 3akony Kupxroga coctaBistoTcst ypaBHEHHUs JJIs BCEX Y3JI0B, KPOME OJJHOTO
(ypaBHeHME AJi HETO OyJET CIEACTBHEM IMPEAbIAYIINX), 10 BTOPOMY — JJIsi HE3aBUCUMBIX KOH-
TYpOB (B KaX/bIii MOCIEAYIOMNUNA KOHTYP BXOJUT XOTs Obl OJIHA BETBb, HE BOILIENIIAs B paHee
paccMOTpeHHbIe). J{7s TaHHOW CXEeMbI HaJ0 COCTaBUTH JIBA YpaBHEHUS IO MEPBOMY 3aKOHY U
TPH — IO BTOPOMY.

2. CocTaBlIeHHE U PELIEHUE CUCTEMBI YPAaBHEHUH.



I[JISI COCTaBJICHUA ypaBHeHI/Iﬁ 3aacMCs MMPOU3BOJIbHO HAIIPABJIICHUAMHU TOKOB B BCTBAX U
HanpaBJIeHUAMH 00x0/1a KoHTYpoB (puc. 1.30).

VYpasuenue qist yzna d: I1 + 13- 14 =0.

YpasHenwue st y3na e: - I - 13+ 15 = 0.

VYpasuenue s kouTypa bed: 11R1 + 14R4 = E;.
YpasHenwue it koHTypa abe: 2Rz + 15sRs = Eo.
Ypasuenue i kouTypa bde: Iaros + 14 R4 + IsRs = Ea.

[ToncraBuB B ypaBHEHHUs UMCIIEHHBIC 3HAYCHMs BEIMYMH, MOJIY4YUM anreOpandyeckyro CH-
CTEMY YpaBHECHHN:

l1+13-12=0;
-la-13+15=0;

20 11 + 65 14 = 60;

50 12 + 85 Is = 80;
513+6514+8515=70.

Pemrenne cucrembl maer 3Hadenms TokoB: [1=1,093 A; Ib=0911A; Is= -0,506A;
12=0,587 A; Is = 0,405 A.

JlonoJIHUTEIbHBIE BOMPOCHI K 3a/1aye 2

1. Yo o3HavyaeT MUHYC NIEepe]l YUCICHHBIM 3HaYeHHEM ToKa [3?

3HaK «—» TOBOPUT O TOM, YTO PEaJbHOE HANpaBJICHHE TOKA B JAaHHOW BETBH IPOTHBOIIO-
JIO’KHO MPUHSATOMY B Hauaje pacuera.

2. B xakux pexumax paboTaroT JIEMEHTHI CXEMBI, cosieprkamue ucrouHuku DJC?

B BetBsx ¢ E1 u E2 Toku coBnanaror no Hampasienuto ¢ 3/IC, T.e. naHHbIE 3IEMEHTHI pa-
00Tal0T MCTOYHMKAMHM, OTAaBasi SHepruto B cxemy; B BeTBU ¢ DJIC E3 Tok HampaBieH mpoTuB
O/IC, T.e. AaHHBIN >JEMEHT paboTaeT nmoTpeduTeneM (HanpuMmep, MallMHa OCTOSHHOTO TOKa B
peXXUMe JBUTATENIS).

3. Kak npoBeputh mpaBUILHOCTH PEIICHUS 3a1a4un?

Jl1s mpoBepKH NpaBUILHOCTH pacuyeTa MO>KHO Ha OCHOBaHMHU 3aKoHOB Kupxroga HanucaTth
YPaBHEHHUS [UIsl Y3JI0B M KOHTYPOB CXEMBbI, KOTOpPBIE HE HCIOJIBb30BAJIUCh NPU COCTABIEHUU MC-
XOJHOM cucTteMbl. HezaBucuMoil mpoBepKoi ABJISETCS YpaBHEHHE OajlaHCa MOIIHOCTEH: cymMa
MOIIIHOCTEH MCTOYHHMKOB PaBHA CyMME MOIIHOCTEH, paCXOAYEMBIX B PE3UCTHBHBIX JJIEMEHTAX
cxemsbl. T.k. anemeHT cxembl ¢ DJ]C MoxeT paboTaTh Kak B peKUME UCTOYHHUKA, TaK U B PEKUME
noTpeOUTENs], COOTBETCTBYIOIIEE ClIaraéMoe B JIEBOM YacTH ypaBHEHHsI OEpeTCsl C ITI0COM, €ClIU
E u | coBnanaror 1o HampaBjieHHUIO (UCTOYHUK), 1 C MUHYCOM, €CJIM HalpaBJI€HUs] IPOTHUBOIIO-
JIOKHBI (IOTPEOUTEID ).

MommHocTH 351eMeHTOB cxeMbl ¢ DJ[C:

Eili+ E2l2 - Esls =60 *1* 1,093 + 80 * 0,911 - 70 * 0,506 = 104,04 Br.

Mo1HOCTH, pacXolyeMble B pe3UCTUBHBIX AJIEMEHTAX CXEMBbI:
112R1 + 12°Ro + l3%ros + 14°Ra+ 1s?Rs = 1,0932* 20 + 0,911% * 50 + 0,506 * 5 + 0,587 * 65 +
0,405 * 85 = 103,01 Bt

[JEI = [JP bamanc MomniHoCTeH colescs, CiaeoBaTe/IbHO 3ajjaya peiieHa BepHO.

Pacuer nenu MeTo0M y3/10BOro Hanpsi:KeHHUs

3amava 1. B cxeme puc. 1.31 E1 =60 B, E» =48 B, E3 =6 B, R1 =200 Om, R2 =100 Om,

roz = 0,5 Om, R3 = 9,5 Om. OnpeteTuTh TOKH B BETBSX CXEMBI.



AHaau3 " pemeﬂne 3amaum 1
1. Boruncnenue y3noBoro HampspkeHus. {1t cxempl ¢ AByMsl y3JlaMU HalpsKEHUE MEXTY
HHUMH MOYHO ITOJICYUTATh 10 (popmyiie

E;g +E;8; +E;8; g = 1

& t82183 ,rie Ei — DJIC i-it BeTBH, gi — €€ MPOBOJAUMOCTD R,
HOI[CTaBJ'I}IeM YHUCJIOBBIC 3BHAUCHMU S .
U 60/200 + 48/100 + 6/(0,5+9,5) 12
a =

1/200 +1/100 +1/(0,5 +9,5] B B.

2. PacueT TOKOB B BETBAX

Toku ompenensseM Ha OCHOBaHUHM 3aKoHa OMa JIJI1 BETBH C MCTOYHHKOM: HAIpsDKEHUE Ha
3aKMMax MCTOYHMKA paBHO ero DJIC MuHyC majicHHe HANpsDKEHUS Ha €r0 BHYTPEHHEM COIPO-
THBJIEHUU:

E -U, _60-12

Uah =

I, = =0,24
R, 200 N
_E;-Ua_48-12
I =0,36
TR, 100 N
13:E3—Uab 6-12 06

Iy +Ro D5+95

JlonoTHUTeIbHBIEC BONPOCHI K 3aaa4e 1

1. Kak noBnuser Ha mopsaaoK pacdyera uMeHneHnue nossipaoctd IJ[C B onHON M3 BeTBe
CXEMBI?

B ¢opmyne y3noBoro HampspKeHHsI U IPU pacueTe TOKa B 3Toi BeTBU AaHHyro DJIC Hamo
OpaThb CO 3HAKOM «MHUHYC.

2. B xakux pexumax paboTaroT HCTOYHUKH CXEMBbI?

ITo pesynbraram pacuera Uap < E1, Uap < E2, T.€. 3TH 351€MeHTHI cXeMbl paboTaroT HCTOUHH-
kamy; T.K. Uap > E3, T.K. B TpeTheil BeTBU HampaBiieH NpoTuB E3 u MpUHATOro mnepesa HavaioM
pacuera HanpaBieHus 3, T.€. TOT JIEMEHT CXeMbl paboTaeT B peKUMe NOTPEOICHUS SHEPTUH.

3. B xakux pexxnMax OymayT paboTaTh HCTOYHHKH, €CITU 3a CUeT n3MeHeHus BennauHbl DJC
Es yBenmuuuts y3noBoe Hanpspkenue Uab 10 48 B?

YBenuuenneM Ez MoxxHO ycraHoBUTH Uah = 48 B = E», npu 3Tom Tok 12 Oymer paBeH Hy:HO
(pe’xuM XxosocToro xoaa), ucrouHuk Ei1 BepabaTeiBaeT sHepruto, Es — motpebnser. Tok B cxeme
U HeoOXoAuMYIo BelanurHy E3 onpenenum Ha ocHOBaHHM BTOpOro 3akoHa Kupxroda:

I =1, = E, —Ua _60-48 _ — 0,06

R, 200 A:

Es=Uap + I3 (ros + R3) =48 - 0,06 * 10 = 47,4 B.
Pacyer nemneit MeTo0M YJKBUBAJIEHTHOI'0 reHepaTopa

A.




C
3amava 2. B cxeme puc. 1.32 E; =10 B, E2=25B, R1 =20 OM, R2 =40 Om, R3 =5 Om,

R4 = 6,36 Om. OniperenuTh TOK B BETBH C PE3UCTOPOM Ra.
C b J. a

R[] ®[] ]

o ¢
—4
(¢}

a)

AHaJu3 U pelieHHe 3a1a4M 2

1. 3aMeHuM 110 OTHOIIEHUIO K BETBHU C PE3UCTOPOM R4 BCIO OCTaNbHYIO CXEMY 3KBHUBAJICHT-
HBIM TeHepaTopoM (akTUBHBIM AByXxmnoitocHuKoM) ¢ DJIC E, u BHYTpeHHUM COMPOTHBICHUEM
ro, (puc. 1.33, a). DJ1C E, onpenensercs mo pe3yiabTaTaM pacdera pekrMa XOJOCTOTO Xoja re-
HEpaTopa Kak HampsHKEHHE MEKIY TOUKAMHU «a» U «C» cXeMbl puc. 1.32 npu pa3oMKHYTOH BETBU
¢ pesucropoM Ra.

[Tocne pa3mbikanust BeTBH ¢ R4 monydaercst cxema ¢ aBymsa y3iamu puc. 1.33, 6. YznoBoe
HaIpsDKEHUE

B)

_/

_ E/R,+E,/R, _ 10/20+25/5 _
" 1/R+1/R,+1/R, 1/20+1/40+1/5 g
Toxk B BetBU ¢ DJIC E3

I3=(E3-Un)/R3=(25-20)/5=1A.

Jnist pacueTa HanpsDKEHHSI MEXKIY TOUKAMH «a» B «c» B cxeme puc. 1.33, 6 nmpumeM moTeH-
[[1aJl TOYKH «a» PaBHBIM HYIIIO, TOT/1a

Da—o Db—Da"‘El—lOB Dc—Db+|3R3—15B Er Dc DaZISB

2. JI1s pacueTa BHYTPEHHETO CONPOTHBIIEHHs reHepaTopa B cxeme puc. 1.33, 0 3akopauu-
Batorcs Bee DJIC (puc. 1.33, B) u onpeenseTcss CONMPOTUBIICHUE TI0 OTHOIIICHHIO K TOYKAM «a» U
«»:

1 1 1 1
—_—=—t—+ —
I

Rl R2 R3 i o = 3,64 OMm

3. Tok B BeTBH ¢ pe3uctopoM Rs (cxema puc. 1.33, a)

ls=E,/(roo + Ra) =20/ (3,64 +6,36) =2 A.
Jlono/IHUTe/IbHBIE BONPOCHI K 3a/1a4e 2

1. Kak skciepuMeHTaIbHO OMPEIeIUTh MapaMeTphbl SKBUBAJIGHTHOTO reHepaTopa’?

Hcxons u3 sxkBuBasieHTHOCTH cxeM puc. 1.32, a u puc. 1.33, a, E; 1 1o, MOXKHO paccuuTaTh
Mo pe3yabTaTaM ABYX OMBITOB. Pa30oMKHYB BeTBb ¢ Ra, u3MepsieM HampspkeHHE MEKIy TOYKaMU
«c» u «a» Uxx, paBHoe DJIC E,, (ombIT X0moctoro xoaa). s onpeneneHus ro, MpoBOaUTCs (ec-
JIM ATO JIOMYCTHUMO) OTBIT KOPOTKOTO 3aMBIKaHUS: 33aJaHHAs BETBb 3aMBIKAETCs] HAKOPOTKO U U3-
mepsiercst Tok B Heit (Ix). [Ipu aTom 1o, = E, / |k

2. BeiOpaTh BeMMUMHY COMPOTUBIEHHS pe3ucTopa R4 Tak, 9ToObI B HEM BBLIENSIACH MaK-
CUMAaJIbHO BO3MOJKHASI MOIIHOCTb.



ER,

P, =I5R, = -
Jlnst cxemsr puc. 1.33, a o + Ry )* Makcumym MmomHocTH P4 ompenernsiercs
E2 2
P _y P, == =175
elieHreM ypaBHEHUsT 4 1 Ryocerp = l05, TIPH OTOM o g T. PexuM, Ko-

I/1a CONMPOTUBIICHUE HArpy3Kd PaBHO BHYTPEHHEMY CONPOTUBICHHIO HCTOYHUKA, HAa3bIBAETCS
COTJIACOBAHHBIM, OH YacTO MCHOJB3YETCS B MaJOMOIIHBIX 3JIEKTPOHHBIX YCTPOWCTBaX, KOTrja
KIIJ] ycranoBku (L] 50 %) He uMeeT CyIIecTBEHHOTO 3HaYeHUs], HO Ba)KHO MepeaaTh B Harpy3Ky
MaKCUMaJIbHYI0 MOITHOCTH (YCHJIUTENIA HANPSKEHUS, MAJIOMOIIHBIE YCUIUTEIN MOIIHOCTH, JIU-
HUU CBSA3M U T.1.). [Ipu 3TOM Bce yCTpOICTBO 10 OTHOIICHUIO K HAarpy3Ke MpeJCTaBIIAETCS B BU-
JI€ SKBUBAJIEHTHOI'O I'€HEpaTOpa, apaMeTpbl KOTOPOro ONPEAEIAIOTCS 10 pe3ysbTaTaM aHaIu3a
paboThI U pacyeTa ycTpoicTBa.
CamocTosiTe/ibHasi padoTa CTy/IeHTa

RI RI

+0O , PIEIERY

o -=O-
Puc.1.34 Puc.1.35

3amaya 1. B cxeme (puc. 1.34) R1 = Rz =40 Om, R2 =20 Om, R4 =30 Om, I3 =5 A. Bbruuc-
nuTh HanpsikeHue uctounrka U u Tok Is. OtBet: 900 B; 6,67 A.

3amava 2. B cxeme (puc. 1.34) nanpspkenune U = 65 B, HanpspbkeHHe HA 32KHMax pe3ucTopa
R4 paBHo 20 B. Onpenenuth Bce TOkH B cxeme, eciau R2 = 15 Om, Rz =10 Om, R4 = 30 Om. Ot-
BeT: 1 =1b=2A;13=15A;14=05A.

3amgaya 3. B cxeme (puc. 1.35) — R1=100m, R =50m, R3=100wm, [3=2 A. Haiitu
HanpspkeHue ucroynuka U. Otser: 80 B.

3anaua 4. K cxeme (puc. 1.35) npunoxeno Hanpsbkenue U = 45 B, npu 3ToM TOK UCTOYHU-
ka [1=125A. ConpoTuBiieHHs] BETBEW MapaIebHOM YacTh cxXxeMbl paBHBL: Rz =40 Owm,
R3z =10 Om. Hatitu R1 1 Toku Iz, I3. OtBeT: R1 =28 OM, I = 0,25 A, I3=1 A.

3amaua 5. B cxeme (puc. 1.36) — R1 =50 Om, Tok nctounuka [ =0,6 A, TOK B pe3ucrope
Rs paBen I3 = 0,4 A, momHoCTb, pacxoayemas B pesucrope Ra: P4 = 0,4 Br; Hanpspkenue Ha pe-
sucrope Rz: Uz = 36 B. Onpenenuts Hanpspkenue ncrtounnka U. Oteer: U = 68 B.

3amada 6. MoIIHOCTH, pacxoayeMmbie B CONMPOTHUBIEHHsX cxeMbl (puc. 1.36): P1 =15 Br,
P2 =20 BT, P3 = 10,8 Bt, P4 = 7,2 Br. Onpeienuth HanpsDKEHUS HA YIaCTKaX CXEMbI U TOKH B €€
BETBAX, eciu mnpuiokeHHoe k Hei Hampspkenue U =106 Br. Oteer: 1=0,5A; [3=0,3 A;
1,=0,2A;U1=30B; U,=40B; U =36 B.
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R Puc. 1.36

‘ Puc. 1.37

3amava 7. st cxemsr (puc. 1.37) mano: R1 =2 OM, R2 =4 OM, R3 =10 Om, R4 = 60 Owm,
Rs =22 Om, R¢ =5 Om, E = 12 B. BeruuciuTh TOK B AMaroHanu Mocta Ra, ucnosns3ys npeodpa-
30BaHUE TPEYroJIbHUKa pe3ncTopoB Ro, R3, R4 B skBHBasienTHYI0 3Be31y. OTBeT: I4 = 0,077 A.

3anmaua 8. B cxeme (puc. 1.37) onmpenenuTh TOK MCTOYHHKA, HCIIOJIB3Ysl MpeoOpa3oBaHUE

3Be31IbI pe3ucTopoB Rz, R4, Rs B skBUBanmeHTHBIN TpeyronbHUK, eciau R2 = 6 OMm, Rz =42 Owm,
R4=120M,R5 =24 OM, Re =28 Om, I3 = 0,5 A. OtBeT: [ = 2,75 A.
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3amaua 9. Mns cxemwr (puc. 1.38) Bxomubie Hampsbkenus: Uiy =+10B, U =-15B,
Us =+20 B, R1 = R2 = R3 =500 Om, Ry =1000 OM. MeTomoM y3JI0BOTO HAMPSIKEHHS OMpeie-
uTh BbIXoiHOE HANPsDKEHUE Usux. OTBeT: Usyix = 4,3 B.

3amaua 10. B cxeme (puc.1.39) E1=120B, Es=140B, R1=700m, R>=300Mm,
Rz =135 OmMm, R4 =210 OM, Rs =140 Om. Onpenenuth METOIOM 3KBUBAJICHTHOTO T'€HEpaTtopa
BEJIMYHMHY U HampaBiieHue Toka B peauctope Rs. Orser: I3 = 0,2 A.
1. Yto Ha3bIBaETCs NEKTPUUECKUM COIPOTUBICHUEM?
2. Jlatb ompezeneHue y3iy, BETBU U KOHTYPY LIEIH.

IIpakTuyeckasi pabora Ne6

Tema 3. Ji1eKTPOMArHUTU3M
HccienoBanue KaTylIKH €O CTAJIBHBIM CepPAeYHUKOM
ey paGoThbl: U3YYNUTH SBICHUE JIEKTPOMATHUTHOW WHAYKIIMM M CAMOMHIYKIIUU B KaTYIIKE,
HAY4YHUTHCS ONPEIEIIATh BEIMUUHY HHAYKTUBHOCTH KaTyILIKH.
Ilepedennb ucnoib3yemMoro o00pyaoBaHus
Karymka uangyktuBaoctn  L;—1 mir.
Karymka unnyktuBnoctu  L,—1 .
BonbT™MeTp MarHuToO3a€KTPUUECKON cucTeMbl — 1 IT.
[ToctosiHubI MarHUT — 1 1mT.
CranbHolt cepaeyHuk — 1 mmiT.
Jlamna makanuBanus 36 B, 26 Bt — 2 mir.
[lepemennsiii pesucrop 5,0 Om, 3A— 1 .
VcTOYHUK MOCTOSIHHOTO TOKa (peryiaupyemslit) 120 B — 1 .
Teoperuyeckas 4acThb:
CornacHoO SIBJICHUIO AJIEKTPOMArHUTHOW WHAYKIUH TPU MEpEeMEIIeHNH KaTyIIKd B MarHUTHOM
1oJie B HEl HABOAMTCS AIIEKTPOABIIKYIIAs cujla. AHAJIOIMYHOE sIBJIEHHE HAOJII0AaeTCs, €Ciu Te-
peMenaTb MOCTOSTHHBIM MarHUT BHYTPH KaTYIIKH.
SIBneHue CaMOMHAYKIMH 3aKJII0YAeTCs B TOM, YTO B KaTYyIIKEe NP BKIIOYEHUHU €€ B AJIEKTpHUe-
CKyI0 ceThb Bo3HUKaroT DJIC caMOMHIYKIIMU U TOK, HAaIlpaBJIEHHBIM HABCTpPEUy BO3paCTAIOIIEMY
TOKY OT BHEIIHETO MCTOYHMKA NMuTaHus. HaoOopoT, mpu BBIKIIOYEHUH IIEKTPUYECKON CeTH B
KaTyIlIKe BO3HUKAET TOK, COBIAJAIOIMI 110 HAaIPaBJIEHUIO C YOBIBAIOLIUM TOKOM B IIENH, T. €.
noJ/Iep KuBaroMM ero. IlpudyeM ecnu B KaTyIIKy BCTaBUTh CTaJIbHON CEPIEYHHUK, TO JIeHCTBHE
O/1C caMOMHAYKIIMY PE3KO YBETUYMBAETCS. DIIEKTPOBIKYILAS CHUJIa Ompeensercs no Gopmy-
e
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L- WHAYKTUBHOCTL KaTYUIKHU,

di
E - CKOpOCTB N3MCHCHUSA TOKA B IICIIN.

OnHa U3 OCHOBHBIX 3JIEKTPUUYECKUX XapAaKTEPUCTHK KaTYIIKU — BEJIMYMHA €€ UHAYKTUBHOCTH,
KOTOpasi B MPaKTHUECKUX pacueTax oIpenessercs no ¢popmyie (Kkaryuka 6e3 cepaeuHnuKa)
2
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@O— YHUCJIO BUTKOB KaTyIlIKN




S— ceueHue KaTyIIKH, M2

|— nmunHa karymky,

Xoa padoTsl

1. CoOpatp cxemy mo. puc. 1. U3yunTh siBIeHHE 3JIEKTPOMArHUTHON WHAYKIIUH, BBOJIS B
KaTYIIKYy TOCTOSTHHBIA MarHMT.

[ToBTOPUTH OMBIT C KATYMIKOW L, ¢ GONBIIUM YHCIIOM BUTKOB. BBOJIS M BBIBOJISI MArHUT € 0OJIh-
I ¥ MEHBIIICH CKOPOCTHIO, HAOIIOJaTh OTKJIOHEHUE CTPEJIKU BOJIETMETPA.

3. 3anucaTh pe3yJbTaThl HAOJIOACHH.

4. Cobparb cxeMy 1o puc. 2 Juisi U3y4eHHUs SIBJICHUSI CAMOMHAYKITUH.

&1’

Puc.2. Cxema nns usy-

Puc.1.Cxema s U3y- | yenus sBneHus CAaMOUHIYKIHHU.
YEHU SIBJICHUS 3JICKTPOMArHUTHONW MHIYKIUU

S. BxrounTs cxemy M yCTaHOBUTH HanpsbkeHue 60 B.

6. OOBscHUTD, IOYEMY NIPH BKJIIOUEHHUHM Lienu jJammna JI1 3aropaercs MeaseHHee, YeM Jlamna
JI2.

7. [ToBTOPUTH ONBIT, BCTABUB B KaTYIIKY CTaJIbHON CEPIEUHHUK.

8. 3anucath pe3yiabTaThl U3MEPEHUH.

9. OnpenenuTb BEIMUYMHY MHAYKTUBHOCTH KaTyILEK, UCIOIb30BaHHBIX B padote. [laHHbIe

U pe3y/bTaThl 3a1IUCaTh B TAOJIHILY.

. ' Muayutnowoets L
Hatyumu Adawna Lo m Ceurnne 5, W° QU0 BHTHOS W " Tu '

L,
Ly

10. OTBETUTH HA BONIPOCHI.
1. B uem nposiBrisieTcst ABJICHHE JIEKTPOMArHUTHOW MHAYKIIUU B KaTYIIIKE MPU: TIepeMe-
LIEHUU BHYTPU HEE NMOCTOSIHHOTO MarHuTa?

2. [ToueMy npu BBEIEHNH MMOCTOSIHHOI'O MarHUTa BHYTPh KaTyIIKU CTPEIKa
BOJIbTMETPA OTKJIOHSIETCS B OJIHY CTOPOHY, @ IPU BBIBEACHNUHU U3 KATYIIKH — B APYTyIO?
3. Kax onpenenuts Hanpasienue nnaykrupoBanHoi 3/1C B karyike?

4. Yro HazpIBaeTCAd CaMOMHIYKIUEN U Kak aercTByeT DJIC caMOMHAYKLIUU B DJIEK-
TPUUECKUX LemsiX?

5. OT KakMX BEJIMYUH 3aBUCUT UHIYKTUBHOCTD KaTyIIKHU?

6. Kak Bnuser Haimyue CTaJbHOTIO CEepeYHUKAa Ha BEIMYMHY MHAYKTUBHOCTH Ka-
TYIIKH U Ha CAMOUHIYKIIUIO?

7. [ToueMy mpu TPOXOXKIAEHUM TOKAa B KaTYIIKE CO CTaJbHBIM CEPJIEYHUKOM OH
HarpeBaeTcs?

11. ITpucTynuts, K OTYETY.
IIpakTnyeckast padora Ne 7

Tema 4. IlepeMeHHBII 1eKTPUYECKUH TOK

Hccaenoanne TpexgasHoil cMcTeMbl IEPEMEHHOI0 TOKA NPHU COeIMHEHUHU 3Be3/10i U Tpe-

YIOJIbHUKOM

Heanb padoThl: 03HAKOMUTHCA ¢ TpeX(a3HBIMH CHCTEMaMH MTEPEMEHHOTO TOKA MPU COSAMHEHUHN
notpeOuTenei 38e3/10i U TPEyroabHUKOM, IPH PaBHOMEPHOW U HEPAaBHOMEPHOW Harpyske ¢as.
IlepedyeHb UCIOJIB3YeMOro 000PYy10BaAHUS
1. Amnepmerp nepeMeHHoro Toka O — 3 A — 6 mr.
2. Bonbsrmerp nepemennoro Toka O — 250 B—1 .




3. JlamnoBbIil peocTat U3 Tpex rpymnm — 1 mr.

4. CoenuHuTenbHBIE IPOBOAA.

Teopernueckasi 4acTh:

Ot tpexdazHoro reHepaTopa NepeMEHHOr0 TOKa OOBIYHO OTXOJSAT YEThIpe MPOBOJAA — TPHU JIH-
HelHbIX A, B, C 1 oiuH HeHTpanbHbId, WK HyleBoH, O (puc. 7).

Hanpsokenus Uas, Usc, Uca, aelicTByrole Mexay COOTBETCTBYIOIIMMHU JIMHEWHBIMHU IIPOBOIA-
MU, OOBIYHO PAaBHBIMH MEX]y cO0OI 10 BETMUNHE, CABHHYTHI 1O ()a3e OTHOCUTEIBHO APYT APY-
ra "Ha yroa 120° HocsaT Ha3BaHME JUHEHHBIX, a HanpspkeHus Ua, Ug, Uc, nelcTByromme MexIy
COOTBETCTBYIOIIUM JIMHCHHBIM ¥ HEUTPAILHBIM IPOBOJIAMH, Ha3bIBAIOTCS (Pa3HBIMHU.

OtaenpHble OHO(A3HbIE TPUEMHUKH TNEpe]] BKIIOYEHUEM HX B CETh PACHpPENeNsIOTCS Ha TPU
TPy IPUMEPHO OJTMHAKOBON MOITHOCTH, KOTOPHIE HY>)KHO COCJMHUTH MEXIY COOOW 3BE3701
WJIU TPEYTOJIbHUKOM.

Jlist coenuHEeHUs TpeX oAHO(Ma3HBIX MPUEMHUKOB ZA, Z B, Z ¢ 3Be30# (puc. 8) He0OX0IUMMO HX
KOHIIBI X, Y, Z COEJUHUTH B OOIIYI0 HEHTPaJbHYIO WM HYJIEBYIO TOUKY, a K OCTaBIIUMCS CBO-
O6oxubM HavyamaMm A, B, C moaBecTu 3JIeKTPOIHEPTHUIO JIMHEHHBIMH MIPOBOJIAMH OT TpeXQazHoi
cetu. HyneByro, TOUKYy NPHUCOEIUHSIOT K YETBEPTOMY, HEHTPAIBHOMY YPAaBHUTEIBHOMY, WUIIU
HYJIEBOMY, IIPOBOJLY.

Ecnu nonueie conpotusnenus Gpa3z ZA, Z B, Z ¢ OTACTbHBIX TPUEMHHUKOB PaBHBI MEXKIY cO00il U
yribl caBura Ga3 Mexay (ha3HbIMU HANPSDKEHUSMH U COOTBETCTBYIOIUMU UM (Da3HBIMU TOKaMHU
OJIMHAKOBBI PA = Qs = = Pc;=Q¢, TO TAKYIO HArpy3Ky Ha3blBalOT CUMMETPUYHOM UM paBHOMEp-
HOU. IIpy cuMMeTpUYHOH Harpy3ke TOK B HEUTPaJIHLHOM IPOBOJE Po=0, 4TO MO3BOISET Tpexdas-
HYIO JIMHHIO BBITIOJIHUTH TPEXMPOBOIHON. Eciy ykazaHHbIe paBeHCTBAa HE COOMIOIAIOTCS, T. €. K
Tpex(da3Hol cucTeMe MPUCOCTUHEHBI TPU PA3IMYHBIX 10 BEJIUYHHE COMPOTUBIICHUS WIH YTy
casura (a3, To Takas Harpy3Ka Ha3bIBaeTCsl HECCUMMETPUYHOM WM HepaBHOMepHOU. [1pu sTom B
KaXI01 (a3e U B KKIOM JIMHEHHOM MIPOBOJIE MOTEKYT pa3IMyHbIC MO BEITMYUHE U YIIIy CABHTa
a3 Toku, cumMMeTpus OyneT HapylleHa U B HEUTpalIbHOM IMPOBOJE BO3HUKHET TOK lo, paBHbIN
reOMEeTPUUECKON CyMMe TOKOB TpeX (ha3.
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Puc. 8. Cxema coenHeHusI MPUEMHUKOB 3JIEKTPOIHEPTUH, BKIIOYEHHBIX B 3BE€3/Y 110 YEThIpEX-
IIPOBOJAHOM CXEME C HYJIEBBIM IIPOBOJAOM

IIpy HECUMMETPUYHOM pEXUME U HATMYUH HEUTPAIBbHOTO IPOBOJA NPUEMHUKH ZA, Z B, ZcC
HAXOJATCS MO OAMHAKOBBIMU 10 BenuurHe dazHbimu Hanpsokerusimu Ua = U = Uc=U0,

npu OOpbIBE HEUTPaJbHOTO (HYJIEBOrO) IMPOBOAA HOPMAJBHBIM pexuM paboThl Tpex(dazHOH
YCTAHOBKHM Hapymaercs: (a3Hble TOKM M3MEHSIOTCS U YCTaHABIUBAIOTCS TaKMMM, YTOOBI UX
CyMMa CTajia paBHOW HYJIO. JTO MPUBOJUT K UCKAKCHUIO CUMMETPUHU (Da3HBIX HAIPSHKEHUH, B
pe3ysbTaTe 4ero MPUEMHUKH OKA3bIBAIOTCS MOJ HANPSIKEHUSAMH, OTIMYAIOIIUMUCA OT HOMH-
HAJILHOT'O 3HaYeHUS (pa3HOTO HATIPSKEHHUSL.

[Ipu coenuHEHUU NMPUEMHUKOB 3BE3/I0M TOKH B MOABOISIIUX MPOBOJAX — JHMHEHHBIE TOKHU la,
IB, lc — cTaHOBATCA OJTHOBPEMEHHO M TOKAMU MPUEMHUKOB COOTBETCTBYIOMIMX (a3, T. €. daz-
HbIMU ToKamHu |d. TTosToMy npu coenmHEeHNH MPUEMHUKOB 3BE3/I0M CIIPAaBEUIMBO PABEHCTBO |
= |Ip. Mexny nuHEHHBIMH U (a3HBIMH HaNpPsDKEHUSAMH  CYIIECTBYET 3aBHCHMOCTD



OT0 MO3BOJISIET A TpeX(a3HOH YETHIPEXIPOBOIHONW CHUCTEMBbI, HAIPUMEpP MJs HampsOKSHUs
380/ 220 B, nmpuCcOeIUHATD K CETH OJJHOBPEMEHHO Kak TpexdazHpie mpueMHuku Ha 380 B, Tak u
onHodasueie Ha 220 B.
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1 f - Puc. 9

Cxema coeiMHEHHs TIPUEMHHUKOB 3JIEKTPOIHEPTUH, BKIIOUEHHBIX B TPEYTOJIbHUK

Hnst coenuuenust Tpex oaHo¢a3HbIX MPUEeMHUKOB ZaB, ZBC, Zca TPEeYroJbHUKOM (puc. 9) Hamo
KOHEI[ MIepBOr0 MPUEMHHKA COEMHUTH C HauyajioM BTOPOTO, KOHEIl Yy BToporo — ¢ Havyanom C
TPETHhEr0, KOHEI[ TPEThEro — C HadalloM IEePBOTO NMPHUEMHHUKA, a K y3JIaM TOJy4e€HHOTO Tpe-
YroJIbHHUKA MOJABECTH JTUHEHHBIMU MPOBOIAMHU YHEPTHIO OT TpexhaszHoil ceTu.

[Ipu coemuHEHUU TPEYrOJIHLHUKOM KK MPUEMHUK BKIFOUEH MEXTY IOIABOJISAIIUMH IPO-
BOJIAMU M HAXOJAUTCS MO/ JIMHEHHBIM HamnpshkeHnreM Ui, KoTopoe SIBIsieTCsl OTHOBPEMEHHO (ha3-
HBIM HarpspbkeHueM [103ToMy pu COeIMHEHUH  TPEYroJbHUKOM

crpaBeuBo paBeHcTBO UaB- =UBc = Uca=Uop=Un.

[Ipu cummerpudHOW Harpy3ke ¢asHbple TOKHM Bcex (a3 OJMHAKOBBI TI0 BEIHYUHE
laB=IBc==Ica=I¢ u cABUHYTHI 110, OTHOIIECHUIO K CBOUM (ha3HBIM HAIPSHKEHUSM Ha OJIMHAKOBBIC
VLI PAB=(QBC=(QCcA==0¢. Bce TMHeHbIe TOKH paBHBI MEXAYy cO0O0il M MpEeBBINIAIOT 3HAUCHUS
dasHbIX TOKOB B V3 pas, T, €. |a = IB = le=ln =Vl

[Tpy HECUMMETPUYHOM pEKUME, KOT/Ia U3MEHSETCSl Harpy3ka B OJHOM U3 (a3, MpOUCXOIUT OJI-
HOBPEMEHHOE M3MEHEHUE COOTBETCTBYIOIIMUX (DAa3HOTO ¥ JABYX JIMHEWHBIX TOKOB, HO 3TO HE BIIU-
seT Ha BETUYMHBI (Da3HBIX HAMPSHKEHUH M TOKOB JIpYyrux (a3, a Takke Ha BEIMUYUHY TPETHETO
JIMHEMHOTO TOKA.

Xox padoTsl
1. CobpaTth cxemy 1o puc. 10 (coennHeHue 3Be3701) U 1aTh IPOBEPUTH €€ MPENO01aBaATENIO.

B KaXXAyro (l)a3y BKIIFOYUTH 110 TPH JIAMIIbL OJINHAKOBOM MOIITHOCTH.
Foop
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Puc. 10. Cxema 1 ucciieoBaHus LeNd Tpex(a3HOro TOKa Npy COSIMHEHUN PUEMHUKOB 3BE3-
JIOM MO YETBIPEXIIPOBOJIHOMN CXEME C HYJIEBBIM ITPOBOJAOM

2. BKIIIOUNTE CXEMY B 3JIEKTPUYECKYIO LIEIb.

3. CHATh noKa3zaHus MpUOOPOB NIPU paBHOMEPHOI Harpy3ke (a3 (M3MepeHue JTUHEHHbIX U
(a3HBIX HANpPSHKEHUH MPOU3BOAMTH OJHUM MEPEHOCHBIM BOJIBTMETPOM). 3alucaTh pe3ysbTaThl
u3MepeHuit B Tabin. 1. [IpoBepure COOTHOLIEHHS] MEXAY JUHEHHBIMUA U (pa3HBIMHU HANPSKEHUS-
MU ¥ TOKaMH.

Tao6mmma Nel

CxeMa coeIUHEHUS Uas | Usc | Uca |Ua | Us | Uc | lo Ia |Is | lc

B B B B |B |B |MA|MA|MA|MA
3 4 5 6 7 8 9 10




PaBHOMEpHas ¢ HyJNEeBBIM IPOBOJAOM

PaBHOMepHast 6e3 HyJIeBOTo NMpoBOAa —

HepaBHoMepHast ¢ HyJEBBIM MPOBO-

JIOM
HepaBHomepnast 6e3 HyJIeBOro MpoBO-

Ja

4, Bxtounts B cxemy puc. 11 yerBepThiii (HyJI€BOH) IPOBOJ M CHATH MTOKA3aHUS IS
ciyuasi «PaBHOMEpHas Harpyska ¢ HyJIeBBIM poBoAoM» (Tabu. 1, m. 2) ,

5. CozaTh HEpaBHOMEPHYIO HArpys3Ky, OTKIIOUYUTH HYJIEBOW IMPOBOJ, CHATh IOKa3aHUE
npubopos (tadm. 1, m. 3).

6. [Ipu HepaBHOMEpHOIl Harpy3ke BKIIOYUTH HYJIEBOM MPOBOJ M CHATH MOKa3aHUS Mpubo-

poB  (tabxn. 1, m. 4). HepaBHOMepHas Harpy3ka CO3JaeTcsi HEpaBHBIM KOJIMYECTBOM JIaMIl
BKJIFOUCHHBIX- B KaX1y10 a3y (Hanpumep, B (haze A BKIIOYCHBI TpH JaMibl, B Gpase B — nBe, B
daze C — onHa).

7. CnenaTb BBIBOJ O BJIMSHUM HYJIEBOIO NPOBOJA Ha PaboTy Tpexda3zHOW CUCTEMBI NpH
pPaBHOMEPHOI U HEpaBHOMEPHOW Harpy3kax ¢as.

8. CoOpatb cxemy 1o puc.10 (coenuHeHne TPeyroJbHUKOM) U 1aTh IPOBEPUTH €€ Mperoia-
BaTElIIO.

9. BKitounTh CXEMY B 3JIEKTPUUYECKYIO LEMb.

10. CHATh MOKa3aHUsl MPUOOPOB MPH PAaBHOMEPHOU Harpyske (a3 (u3MepeHue JTUHEHHBIX U

(a3HbIX HANPSHKEHUH MPOU3BOAUTH OJHUM IEPEHOCHBIM BOJBTMETPOM). 3alucaTh Pe3yJbTaThl
u3MepeHuil B Tabxa. 2. [IpoBepUTh COOTHOIICHUS MEXy JIMHEHHBIMU U (a3HBIMH HATPSKCHUS-
MU U TOKaMH.

Tabmuua 2 )
| Toxnnarpyax. A Hauprenc,
- B
Pesna watpysun |‘ill_".‘r|-'lhi'-' _basmme -
slele] 35 3] 5813
1, Papnomepnan % | | | ‘ l ‘ i
2. Hepanramepean i
11.  U3menuth Harpy3ky ¢a3z M CHAThH MOKa3aHUS MPUOOPOB MPHU HEPABHOMEPHOI Harpyske
¢da3. Pesynbrarsl u3aMepeHuii 3anucaTh B 1. 2 Tad. 2.
12. CpaBHHUTH CXEMBbI BKJIIOUEHHUS B 3BE€3/ly U TPEYTOJbHUK IPH PAaBHOMEPHOW M HEPABHO-
MEpHOU Harpyskax,
13. OTBETUTH HA BOMPOCHI
1. Kak coequuuth Tpu ogHO(Da3HBIX IPUEMHHUKA 3BE3/1011?
2. Jl71s 4ero MpUMEHSIOT HYJIEBOW MPOBOJ M B KaKUX CIy4asiX MOKHO 00O¥-
TUCH 6€3 Hero?
3. Kakoii pexxum paboTsl Tpex(ha3HO# Ilenu Ha3bIBAlOT PAaBHOMEPHBIM HIIH
CUMMETPUYHBIM?
4. Kak coequauTh Tp 0AHO(DA3HBIX IPUEMHHUKA TPEYTOIEHUKOM ?
S. Kaxkue cymecTByrOT 3aBUCUMOCTH MEXTY JTUHEHHBIMHU U (ha3HBIMH TOKaAMHU
Y HaIPSKEHUSIMU [IPU COCIMHEHUH IPUEMHHUKOB 3BE€3710M U TPEYTOJIbHUKOM?
6. Kaxkoit nomxkHa OBITh CXeMa COeMHEHUN, YTOOBI B OAHY TpeX(a3HyIo CETh

BKJTIOYHTB JIAMITbI HAKAJIMBAHUS U TPeX(a3HbIN JEKTPOIBUTATEIH?
13. Crenartb OT4eT.

IIpakTnyeckas padora Ne 8

Tema 5. DiekTpuyecKue H3MEpPEeHUs U JIeKTPOU3MepHUTeIbHbIe IPUOOPHI

O3HakoOMJIEHHE € 3JIEKTPOU3MepPHUTEeJIbHBIMH NPUOOpPaMHu.

Hean padorei: M3yueHne ycTpoOWCTBa IEKTPOU3MEPUTENBHBIX MPUOOPOB, YCIOBHA AKCILTya-
TallMM M JPYTUX XapaKTEPUCTUKAX CTPEIOYHBIX dJIEKTPOM3MEPUTEIbHBIX MPUOOPOB.




ITepedyennb ncnob3yemMoro 000pyaoBaHus
CrpenoyHble U3MEPUTEIbHBIE TPHOOPHI
Teopernueckasi 4acTh!

KonTponbs paboThl 371€KTpoOOOPYAOBAaHUS OCYILECTBIIAETCS € IMOMOIIBIO pa3HOOOpas3-
HBIX 3JIEKTPOM3MEPHUTENbHBIX TNpuOopoB. Hambonee pacnpocTpaHEHHBIMH 3JIEKTPOU3ZMEPH-
TEJIbHBIMU TNPUOOpaMH SABJSIFOTCS MPUOOpPHI HemocpeAcTBeHHoro orcyera. Ilo Buay orcuer-
HOTO YCTPOMCTBAa pa3iM4alOT aHAJIOTOBBIC (CTPEJOYHBIE) W HU(PPOBBIE U3MEPUTEIbHbIEC MPH-
OopHI.

OCHOBHbLIE HACTU 2JIEKTPOU3MEPUTEJIbBHBIX ITPUEOPOB

VY MHOrux npubopoB e€cTh 00LIME 0 HA3HAYCHUIO YaCTH. DTO KOPIYC, 3aKUMBI, LIKaJIa,
yKazarejbHasl CTpeJIKa, OrpaHUYUTENN, BUHT KoppekTopa (puc.l). Ha kopmyce HEKOTOPBIX IpH-
OOpOB PACHOJIOKEHBI NEPEKIIIOYATENb MPEIEIOB U3MEPEHUS U appeTHp. BHyTpu kaxaoro mpu-
0opa HaxOAMTCS €ro TJaBHAs 4YacThb — HW3MEPUTENBbHBIA MexaHu3M. OTnenbHble NPUOOPHI,
HalpuMep OMMETpPBI, CHAOXKEHbI KaMepol, B KOTOPYIO IOMELIAI0T UCTOYHMK JIEKTPOIUTAHUS
(ralbBaHUYECKUH DIIEMEHT). Y MHTETPHPYIONMX MPHOOPOB, HAIPUMEP Y DIEKTPOCUETUNKOB, B
OTJIMYUE OT IOKAa3bIBAIOUIMX NMPHOOPOB OTCYTCTBYET YKa3zaTeslbHasi CTpENKa, HO y HHUX €CTh
CYETHBIM MEXaHU3M.

puc.1

Kopnyc cayXuT aiis 3aluThl U3MEPUTEIBHOTO MEXaHU3MA OT MEXaHUUYECKUX MOBPEXKIE-
HUW, OT MbUM. B 3aBHCHMOCTH OT crmocoba 3alMThl BHYTPEHHETO YCTpOMCTBa mpubopa OT
BHEIIIHUX BO3JIEHCTBUI KOpITyca MpUOOPOB MOTYT OBITh OOBIKHOBEHHBIE, BOJO-, Ta30- U IbLIe-
3alllMIIeHHbIE, TepPMETUYECKUE U B3pbIBoOe3onacHble. K 3axnmamM npubopa npucoenHs0T mpo-
BOJIa IS BKJIIFOYEHUS €10 B DJIEKTPUYECKYIO LIETIb.

[To mkane npubopa OTCUUTHIBAIOT 3HAYEHHUE U3MEPSEMON BETUUHUHBI.

BHemHuit BUJ IIKaNbl 1 HAHECEHHBIE HA Hee YCJIOBHbIE 0003HAUCHMSI 3aBUCAT OT Ha3HA-
YeHUs] U KOHCTPYKUMM Ipubopa. Ha mikany HaHOCSAT 4epTOUKM (BEpTUKAJIbHBIE, TOPU30HTANb-
Hbl€, HAaKJIOHHBIE), Ha3bIBaeMble O T M € T K a M U. OTMETKY IIIKaJIbl, COOTBETCTBYIOIIYIO HYyJe-
BOMY 3HAYEHHUIO U3MEPAEMON BEIIMYMHBI, HA3bIBAIOT HyJeBOW. VIHTepBan Mexay IByMs COCell-
HUMHU OTMETKAaMU HOCUT Ha3BaHUE J[EJICHMS LIKaJIbl, & 3HAYEHUE DJJIEKTPUUECKON BEIUYMHBI,
IPUXOJAIIEECS HAa OJHO JICJIEHNE 1IKaJIbl, — LEHBbI JIeJIeHHsI. 3HaUeHHE U3MEepsIeMON BETMUYHHBI,
COOTBETCTBYIOIIIEE HAYAJIbHONM OTMETKE IIKAJIbl HA3bIBAIOT HAYaJbHBIM 3HAYEHHMEM IIKaJbl, a
3HAYEHHE M3MEPSEMOM BEJIIMYMHBI, COOTBETCTBYIOIIEE KOHEUYHOM OTMETKE IIKAJIbl — KOHEYHBIM
3HaueHueM. Pa3HOCTh MEXly KOHEUHBIM M HAYaJbHBIM 3HAYEHUSAMU U3MEPSIEMOIN BEJTUYHHBI 5IB-
asieTcst pabounM Auana3oHoM umepeHui. [llkanbl ObIBalOT paBHOMEPHBIMHU (BCE JEJICHUS IIKa-
JIbl OJTMHAKOBBIC) U HEPAaBHOMEPHBIMH (JIEJIEHUS IIKaJIbl HEOJMHAKOBbI). Ha 1mkane MHOTUX mpH-
00pOB MapajuIeIbHO OTMETKaM paclojo)KeHa 3epKalibHas I0JI0ca, YTO IMO3BOJISIET YMEHBIIUTh
OLIMOKM MPH CHATHUU MOKa3aHWU. ['71a3, cTpesika U ee oTpakeHUe B 3epKaTbHOMN MOJI0CE JIOKHBI
HAaXOJIUThCS HA OJHOU JIMHUU.

VYka3zarenpHas CTpesika Hy)KHa JJIs OTCUeTa IO IIKaJle 3HAYE€HUsI U3MEPAEMOIl BEITMUNHBI.
Crpenky nenaroT U3 aTFOMHAHMS WM €ro cIiaBoB. CTpesika COeIMHEHA C U3MEPUTENIBHBIM MeXa-
HU3MOM, TOJI JEHCTBUEM KOTOPOTO OHa OTKJIOHseTcs (mepemerniaercs). YToObl MpH ABHKECHUU
CTpeJIKa He Kacallach KopIiryca (14 B pe3yJbTaTe He MOTHYJIACh), Ha [IKaJle €CTh aMOPTU3UPYIOLINE
OTpaHUYUTENH.



C nomo1pto BUHTa KOPPEKTOpPA HEMOCPEACTBEHHO NIEPE] U3MEPEHUEM CTPEJIKY YCTaHaB-
JUBAIOT TOYHO IPOTHB HYJIEBOW OTMETKM HIKaibl. [[J1s 5TOr0 BUHT KOPPEKTOpa ClIerKa IoBOpa-
YUBAKOT OTBEPTKOM.

Ilepextouarenu npeaeaoB U3MEPEHUsT YCTAHOBJIEHbI Y Te€X MPUOOPOB, KOTOPHIE CIIYXKaT
JUISL U3MEPEHMSI AIEKTPUUECKUX BEJIMYMHU B HECKOJBKUX Ipenenax. B aToM ciyuae nepen BKIIO-
YeHHeM Ipubopa nepexiroyareib YCTAaHABIMBAIOT TaK, YTOObl MMEIOIIAsCS Ha HEM TodkKa (Io-
METKa) OKa3ajach MPOTUB TpeOyrolmerocs npezena naMepenus. [lepenocHsie mpudopsl cHabxke-
HBl apPETUPOM, C ITOMOIIBI0 KOTOPOTO 3aKPEIIAIOT B HENOABM)KHOM IIOJIOKEHUU HU3MEPUTEIIb-
HBIH MEXaHU3M, YTOOBI IIPU TPAHCIIOPTHPOBKE MpUOOpa OH He moBpeausics. Ha nuuesoii cro-
POHE CTPEJIOYHBIX MPUOOPOB U300paKEHB! YCIOBHBIE 0003HAYECHHUS, ONPEAEIAIOIINe KilacCu(u-
KalMOHHYIO rpynmy npubopa. OHU MO3BOJISIOT MPAaBWIBHO BBIOpAaTh MPUOOPHI M JAIOT HEKO-
TOpBIE YKa3aHUsA IO UX JKCILTyaTaluu.

B nensix mocTossHHOro TOKa JUIsi U3MEPEHUN TOKOB U HAIIPSKEHUHN IPUMEHSIOTCS B OC-
HOBHOM MpHOOpPBl MAarHUTO3JEKTpUYECKOM cuctembl. IlpuHumn pedcTBus Takux Npuodo-
POB OCHOBaH Ha B3aUMOJICHCTBMM MarHUTHOTO IOJI IOCTOSIHHOI'O MarHuTa M U3MepsSeMo-
ro TOKa, NPOTEKAIOLIET0 IO KaTylIKe. YTOJ IOBOPOTa CTPEJKH O IPSMO IMPONOpPLUOHA-
neH usMmepsiemoMy Toky |1 o =K [J 1. Ilkanel MarHuTO3JI€KTpUUECKUX IPUOOPOB paBHOMEP-
HBIE.

B u3mepuTenbHbIX MEXaHU3Max 3JIEKTPOMATHUTHON CHUCTEMBI, IPUMEHSIEMBIX JUISl U3Me-
peHUl B LIEMAX HNEPEMEHHOT0 M IOCTOSHHOIO TOKA, BPAILAIOLIMM MOMEHT O0YCIIOBJIEH Jei-
CTBUEM MAarHUTHOTO MOJS HM3MEPSIEMOro TOKa B HEMOJBMXKHOW KaTylike npubopa Ha Io-
JBYDKHBIA (peppOMarHuTHbIN SKOPb. YT HOBOPOTA CTPEJIKM O 3[€Ch MPONOPLUOHAIEH KBaJl-
pary toka: o = K [J 2[. TloaTomMy mIKana 3J€KTPOMAarHUTHBIX MPHOOPOB OOBIYHO HEPABHO-
MepHasi, YTO SBJSIETCS HEIOCTAaTKOM 3TUX NpuOopoB. HauanbHas dYacTh MIKajabl HE HCHOJb-
3yerca I u3MepeHuil. JlIg M3MEpPEeHU TOKOB M HAIPSOHKEHUM B LEISIX IEPEMEHHOIO TO-
Ka TNPUMEHSIOTCA TaKKe MPUOOPHI BBIIPAMUTEIBHONM cUCTeMbl. Takue mHpUOOpBI coxaep-
JKaT BBINIPSMUTENbHBINA MPeoOpa3oBaTeab W MarHUTOIIEKTPUUYECKUN H3MEpPUTENbHBIN MeXxa-
HU3M. OHU UMEIOT OoJiee TMHEHHYIO HIKally, YeM HMpUOOpHI 3JE€KTPOMAarHUTHOW CHCTEMBI U JI0-
CTAaTOYHO IIMPOKHUM YaCTOTHBIA JTUAIIa30H.

JUis TpakTHYECKOro HCHOJb30BAHUS CTPEIOYHOTO HM3MEPUTENBHOI0 Mpudopa Heoo-
XOJIMMO 3HaTh €ro MpeJesl W3MepeHui (HOMUHAIbHOE 3HAYEHHWE) U LIEHY JIeJeHMs (IIOCTOSH-
Hyto) npubopa. Ilpemes m3MepeHmii — 3T0 HamOobllee 3HAYEHUE HIIEKTPUUYECKON BEIUYH-
HbI, KOTOPO€ MOXET OBITh M3MEPEHO NaHHBIM NpPUOOpOM. DTO 3HAYEHUE OOBIYHO YKa3a-
HO Ha JMIeBod cropoHe mpubopa. OnMH W TOT ke MPHOOP MOXKET UMETh HECKOJIBKO Ipe-
nenoB m3Mmepenuid. lleHol neneHust mpuOopa Ha3bIBACTCS 3HAUEHHUE HM3MEPSEMON BEITUYH-
Hbl, COOTBETCTBYIOILIEE OJHOMY JIE€J€HHUI0 MIKanbl mpubopa. llena nenenust mnpubopa -
C nerko ompezenseTcss Kak OTHOIIEHHE Ipejesia u3MepeHud Anom K YMCITy AEIEHUI LIKaIbl
N:

C =Anom/N.

Ha nuneBoil cTOpoHE CTpenoyHBIX MpHOOpa YKas3bIBaeTcs KIacc TOYHOCTH, KOTO-
pBIN OmpesaenseT NMPUBEACHHYI0 OTHOCHTENBbHYIO MOTPEHIHOCTh Mpudopa ymp.

B T1abn. 1 mpuBeneHbl HEKOTOpHIE YCIOBHBIE OOO3HA4YEHHUs, MPUBOAMMBIE Ha JIUIlE-
BbIX MAaHEJSIX CTPEJOYHBIX H3MEPHUTENbHBIX NPUOOPOB, OIMpENEessIoNIe HUX CBOICTBA M yCio-
BHUS DKCIUTyaTalUH.

[Ipyn mpoBeneHUM U3MEPEHHI B 3JIEKTPUUECKUX LEMAX HIMPOKOE MPHUMEHEHUE MOoy-
YuaM  1MQPOBBIE H3MEPHUTENbHbIE TNPHOOPHI, HANpuUMep MYJIbTUMETPhl — KOMOWHUPOBAH-
Hble IU(POBbIE H3MEPUTENbHbIE MPHOOPHI, MO3BOJIAIOIINE H3MEPATH MOCTOSHHOE M Iepe-
MEHHOE HAaNpsDKEHUE, IOCTOSHHBIA M IEPEMEHHBIM TOK, CONPOTHUBIIEHUS, IPOBEPATH JHO-
bl U TpaH3ucTophl. IlpencraBieHue pe3ynbraTa U3MEPEHUS MPOUCXOAUT Ha HU(POBOM OT-
CUETHOM YCTpOMCTBE B BHJE OOBIUHBIX YHOOHBIX [UIS CUMTBHIBAHUS JECATHYHBIX YH-
cen. HaumbGonbmiee pacnpocTpaHeHHe B LU(MPOBBIX OTCUETHBIX YCTPOWCTBAX MYJIbTUMET-
pPOB  MOJYYWIN >KUAKOKPUCTANIMYECKHE W CBETOAMOAHbIE MHIMKATOpbl. B maboparop-



HOM CTEHJI€ UCIOJB3YIOTCS IU(PPOBbIE MPHOOPHI ISl W3MEPEHUS IMOCTOSHHBIX U TEPEMEH-
HBIX TOKOB, a TaKke LU(pOBOH HM3MepuTeNb MOIIHOCTH. JIJig mepekiroueHus pexkuma pado-
Tl LM poBeIx amrnepmerpoB ctenaa (PAl, PA2, PA3 u PA4) na ero nepenneii manenu ycra-
HOBJICH TymOJjep, KOTOPBIA Il U3MEPEHUs MOCTOSHHOTO TOKa CIIEyeT YCTAHOBUTH B IMO3H-
U0 «=», I U3MEPEHUs JCUCTBYIOIIMX 3HAYCHUN MEPEMEHHBIX TOKOB — B TMO3UIMIO «~».
Jns u3MepeHus MOCTOSIHHOTO TOKa BXoJHas kiemMMa (+) uudpoBOro ammepmeTpa BblJIeICHA
KpPaCHBIM I[BETOM.

[{udpoBoii u3MepUTENh MOIIHOCTU MpeIHa3HAYeH A M3MEpEeHHs] MapaMEeTpPOB AJIEKTpUYe-
CKOH LIEIH:

— neictyromiero 3HadeHus Hanpspkerust U (True RMS) B nuamnasone 0...30 B;

— neiictBytouiero 3Hauenus Toka [ (True RMS) B quanazone 0...300 MA;

— akTuBHOM MomHocTH P B muanazone 0...600 Br;

—vactoTsl f B quanazone 35...400 I'm;

— cos O;

— yrna casura ¢a3 ¢ (Fi) Mex1y TOKOM U HallpsDKEHHEM.

Tabmuua 1

pruOOp MarHUTORIEKTPUUECKHH C MTOABMKHOM paMKOit

JloromeTp MarHUTOAIEKTPUIECKUI

[Tpubop »neKTpOMarHUTHBIN

JloromeTp 21€KTpOMarHUTHBIN

[TpuGop 31eKTpOIUHAMUYECKUN

[Tpubop peppoanHamuuecKuit

JloromeTp 25€KTpOIUHAMUYECKU I

Jlorometp QeppoauHaAMUYECKHIA

[Ipubop MHIYKIMOHHBIN

[Ipubop TemnnoBoii ¢ HarpeBaeMoil HUThIO

[Tpubop Oumerammyeckuit

kY : J [TpuGop BUOpaIIMOHHBIHA

—
1 [Ipubop snexTpocTaTuuecKuit

[Ipubop acraTnueckuii

é [Tpubop mnm BcrmomMorareabHas YacTh 0T BRICOKUM HaIPsHKEHUEM
¥
! [Ipubop npuMeHSTh NPU BEPTUKATLHOM MOJIO0XKEHUH LIKAJIbI




[Ipubop npuMeHSTh MPU TOPU30HTATHLHOM MOJIOKEHUN

Lo

[IpuGop mpHUMEHSATh NPU HAKIOHHOM TIOJOKEHUHU IIKAJIbI OTHOCH-
TEJIbHO TOPU30HTAIBHON MIJIOCKOCTH, HarpuMep 1o yriaom 60°

TepmonpeoOpazoBaTesib HEU30IUPOBAHHBIN

TepmonpeoOpazoBaTesib U30IMPOBAHHBIN

[IpeoOpaszoBarens 3MEKTPOHHBIN B H3MEPUTEIBHOHN IETTH

,x/®\l<]<

[Ipeo6pa3zoBaresnb 3IEKTPOHHBII BO BCIIOMOTraTeNbHOI Lenn

DKpaH 3JeKTPOCTaTUYECKUI

@

DKpaH MarHUTHBIH

MaruuTtHas UHAYKIUS, BeIpakeHHas B Musuinteciax (2 MT), BbI3bIBa-
Iolasi U3MEHEHHE NTOKa3aHUM, COOTBETCTBYIOIIEE 0003HAYEHUIO KJlac-
ca TOYHOCTH

===

b=

DneKTpUUecKoe IoJie, BhIpaKEHHOE B KWJIOBOJbTax Ha merp (10 k
B/M), BbI3BIBalOIlEE M3MEHEHME IOKAa3aHWH, COOTBETCTBYMOLIEE 000-
3HA4EeHHUIO KJIacca TOYHOCTU

KoppexkTop

3axkuM 1 3a3€MIICHUS

Hanpsokenne ucnsitatensaoe 500 B

Hanpsixenue ucnsitatensHoe Boie 500 B (2 kB)

HpI/I60p HEC IMOJICKUT UCHBITAHUIO ITPOYHOCTH U30JISINUN

O6o3Hauenue kinacca TouHoctd (1,5) mpu HOpMUPOBAHUU TPEIEIOB
JIOMYCKAEMBIX TMOTPEIIHOCTE B MPOLEHTaX OT HOPMUPYEMOIO 3Haye-
HHUA, OIPCACIICHHOIO B €AMHUIIAX I/I3M€p$I€MOI\/'I BCJIMYHHBI, 3a 'UCKITIO-
YEHUEM cITydas» KOTr/1a HOpMUPYEMOe 3HaYeHHE PAaBHO JUIMHE IIKAJIbI

O6o03nauenue kinacca TouHoctu (1,0) mpu HOPMUPOBAHUU TPEIEIOB
JIOMYCKAaEMBIX TMOTPEIIHOCTE B MPOLIEHTaX OT HOPMUPYEMOI'O 3Haue-
HHA, KOTZJa HOpMHUPYEMOEC 3HAUCHHUEC PABHO JJIMHC IIKAJIbI

O6o3nauenue kiacca ToyHoctd (0,2) mpu HOPMHUPOBAHMM MPEETIOB
JIOTTYCKaeMBbIX MOTPEIIHOCTEN B MPOLEHTaX OT JEeHCTBUTENILHOTO 3Ha-
YEHUS

Cchlika Ha COOTBETCTBYIOIINNA JOKYMEHT K IpUOOpy

O6o03HaueHue, yka3plBaroliee Ha OpUEHTUPOBaHUE TprOopa BO BHEI-
HEM MarHUTHOM I10JI€

Tok MOCTOSITHHBIHM




Tox nepemMeHHBIN 0 HODA3HBIN

TOK IOCTOSHHBIN U IEPEMEHHBIN

& 0l ¢

Tok Tpexda3zublii nepemennsiid. O01Iee 0003HaUCHHE

[Tpubop conepxut:
— KJIEMMBI [0/Ia4yd BXOJHOTO HM3MEpSEMOro curHaia (reHepartopa): kiemmy «Bx» u oOlmryro
KJIEMMY, KJIEMMBbI MOJKIIOYCHUS NOTPEeOUTeNs (Harpy3ku): KieMMy «BbIX» U 0OLIyI0 KIEeMMY.
[yHT 11t U3MepeHust TOKa Harpy3KH MOAKIIOUEH MeX 1y KieMMaMu «Bx» u «Bbix»;
— KUJIKOKPUCTANTMYECKUN UYETHIPEXCTPOUYHBI WHAMKATOP ISl BBIBOJA WH(pOpPMAIINU;
— KHOIIKY «f/cosd/¢» H3MeHEeHHs] BBIBOJAa HWH(OpPMAIMM B YETBEPTOM CTPOKE WMHIUKATOpA
(COOTBETCTBEHHO, 4acTOThI, Ko3(dduimenra momHocTu cos¢ wim yriua casura a3z Fi mexmy
TOKOM U HaIlPsKEHUEM).

C 3aaHell cTOpOHBI NpUOOpa yCTAHOBJIEHBI PO3E€TKA Ui MOJKIOYEHHUS MUTAHUA Ce-
TH ¥ KOJIOJIKA MPEAOXPAHUTEIS.

C nomompo KHONKH «f/cosd/0» MOXKHO HU3MEHATH BBIBOJ HH(OpPMAIUKA B YETBEp-
TOM cTpoke uHAauKatopa. [[ns BbIBoma TpeOyemoro mapaMerpa B YETBEPTOM CTpOKE MHAMKA-
TOpa KHOIIKY HEOOXOIMMO HaXKaTh Ha 1...2 CEeKyHIBI.

H3menenusn cxemvl nOOKIWOYEHUA NpudoOpa u 1ad6OpamopHoil yCMAHOBKU GbINOJI-
HAMb NPU 6bIKNIOYEHHOM RuUmAaHuu npudopa. B TPOTHBHOM Ciydae BOSMOXKHBI H3MEHe-
HUS TOKa3aHWi mpubopa, a Takke BO3HUKHOBEHUE HapYIICHWH B pa0oTe MHAMKATOpA MpH-
oopa.
Xoa padoThl.
1. UM3ydeHue mNacmOPTHBIX XapaKTEPUCTUK CTPEIIOYHBIX ODICKTPOM3MEPUTEIBHBIX MPHOO-
poB. Jlns 3TOro BHUMATENBHO PACCMOTPETH JIMIEBbIE MAHENU CTPEJIOYHBIX aMIEPMETPOB U
3aIroJIHUTH Ta0II. 2.

Tabnuna 2

XapakTepucTHKa 3JIEKTPOU3MEPHUTEJIHLHOIo Npudopa

HaumenoBanue npudopa BoabsT™merp Nel BoabT™merp Ne2
CucremMa  M3MEPUTEIBHOTO

MeXaHH3Ma

IIpenen usmepenus

Ilena neneHus

MunumanapHOE 3HAUEHUE U3-
MEpsIEMOU BEJTUYUHBI

Knacc Toudoctu

Jonyctumas MakcuUMajibHas
abCOTIOTHAs! TOTPENIHOCTh

Pox Toka

HOpMaJ'ILHOC ITOJIOKCHHUEC
IIKaJIbI

HpO‘-II/IC XAPAKTCPUCTHUKHU

4. ConeprkaHue oT4yera

a) HaMMEeHOBaHHe paboThI U 1ENb PabOThI;

0) TeXHUYECKUE TaHHBIE U3MEPUTEIBHBIX TPUOOPOB;

T') pe3yJbTaThl U3MEPEHUN;

1) OTBETUTH HA BOTIPOCHI
1. YTo MO3BOJSAIOT NPAaBUIBLHO BBIOpaTh MPUOOPHI U AAIOT HEKO-
TOpBIE YKa3aHUS IO UX HKCIUTyaTaIuH.
2. Yrto Takoe npenes u3MepeHusi?
3. Kax ompenensercs 1eHa JieneHus npudopa?




4. Yro xapakTepusyeT Kjacc TOYHOCTH mpudopa?
5. B xako# yacTu mKaisl Ipuoopa U3MEpEeHUEe TOYHEE U MoYemMy?
IIpakTnyeckas padora Ne 9
Tema 5. DiekTpUUYeCKHe U3MEPEHUS U YJIeKTPON3MepHuTeIbHbIe MPUOOPHI
HN3mepenne conpoTnBJICeHU.
e padoThI.
O3HaKOMHTH CTYACHTOB C pa3IMYHBIMHU, HANOOJIEE YaCTO MPUMEHSIEMBIMU METOIaMU U3MEPEHUS
COIPOTHUBJICHMUIA.
ITepeyennb ucnoib3yemMoro o00pyaoBaHus

1. HcTouHuk NUTaHUSA MOCTOSITHHOTO TOKa C PEryIUpyeMbIM HANpPSKEHHEM M KOMMYTallU-
OHHOM amnmaparypou.

2. AMIEepMETp MarHMTORICKTPUUECKON CUCTEMBI C TIPEAEIOM U3MEpPEHUs ToKa 10 3—5 A ¢
W3BECTHBIM COIIPOTUBIIEHUEM

3. BonbTMeTp MarHuMTORIEKTPUUECKON CHUCTEMBI ¢ mpeaeaoM usmepenus 50—75 B ¢ us-
BECTHBIM COIPOTHUBIIEHUEM

4, Tpu pe3uctopa Ha ToK 1,5 A 1 40—50 Om KaxabIi.

S. MHoronpeaenbHbIil OMMETP ¢ HUKHUM IIPEIEIOM U3MEPEHUs CONTpoTuBiIeHus 1 kKOM.

6. Merommetp Ha 500 B ¢ nByms mikanamu usmepeHust conpotusieHnii — kOM u MOwm.

7. DNEKTpOoABUTATEH TPpeX(Pa3HOTO TOKA JTFOO0H MOITHOCTH— 1 TIIT.

8. IIpoBosia coeIMHUTENbHBIE MHOTOXKHJIbHBIE.

TeopeTuyeckas 4acTh:

W3mMepeHue conpoTUBICHUN MIPaeT BaKHYIO POJIb B 3ieKTpoTexHuke. Ilyrem u3mepenus co-
MNPOTUBJICHUA OTACIBbHBIX YUYACTKOB JJICKTPUYCCKUX ueneﬁ MOKHO HE€ TOJBKO CICJIaTh BBIBO/ 00
UCIPAaBHOCTH WJIM HEMCIIPABHOCTHU almaparypsl, HO U TOYHO YCTAHOBUTh MECTO M XapaKkTep He-
UCTIPAaBHOCTH.

HauOonee yacto 11 u3MepeHusi CONPOTUBICHUS IPUMEHSIOTCSI METO/Ibl aMIIEpPMETPa U BOJIbT-
METpa; OMMETPa; MEroMMeTpa.

ConpoTuBieHHE y4acTKa e MOKHO OTIPEIeIUTh C OMOILBIO aMIiepMeTpa U BojabTMeTpa. Jlis
ATOTO aMIIEpMETP BKIIOYAIOT MOCIIEI0BATEIBHO, @ BOIIETMETP— MapajlieNIbHo K Hemy. Ecnu co-
IPOTHUBIIEHHE, KOTOPOE' HYKHO M3MEPUTH” MEHbIIE COMPOTHBIEHUS BOJIBTMETPA, TO MPUOOPHI
BKJIIOUAIOT 10 cxeMe Ha puc. 34. Eciu e uzmepsieMoe conpoTHUBIEHHE OOJIbIIE COTPOTUBICHUS
amrepMeTpa, To MprUOOpkl BKIIOYAIOT MOACXeMe Ha puc. 35. B mepBoM ciydae u3MepstoT Majble
COIIPOTHUBIICHUS, @ BO BTOPOM — OOJIBIIHE.
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Pue. 34, Cxema  Jnam Puc. 35 Cxema  aas
RIMOPCHER CONPOTHRIC- HAMCPEHHE CONPOTHETC -
npd npn Ra<ZRv HHw Mpht Ke =R

BenuunHa conpoTuBIeHUS MOXKET OBITH OIpe/esieHa U C MOMOIIbI0 oMMeTpa. OMMeETp — MpH-
00p MarHUTOINEKTPHUUECKOW CHUCTEMBI, MOCIEI0BATEIBHO C KOTOPHIM BKIIOYEH MCTOYHHUK IO-
CTOSIHHOT'O TOKa (CyXo#l ranbBaHuueckuil aneMeHT). [llkana: oMmMeTpa rpagyupyercsi Hemocpe-
CTBEHHO B OMax, IIO3TOMY HYJb €€ HaXOJIUTCs CIIPaBa, YTO COOTBETCTBYET HAUMEHBIIEMY CO-
NpOTUBJICHUIO U HauOosblieMy TOKy. Lludpsl Ha mkane, mokasbIBalolIe OMBI, BO3pPACTaOT
crnpasa HaneBo. [IpucTtymnas Kk U3MEpeHusIM ¢ MOMOIIBI0O OMMETpa, CTPENIKY NMprudopa HaJo ycTa-
HOBUTH Ha HYJIb, MOJb3YSICh MAarHUTHBIM IIYHTOM. BbI3BaHO 3TO TeM, 4TO B mporecce padoThl
HaIpsHKEHUE MCTOYHMKA JJIEKTPUYECKON DHEPIUU, UMEIOIIETOCs B OMMETpE, U3MEHUTCS U I'pa-
JTyWpOBKa NMpudopa HapymuTcs. MarHUTHBIM IIYHT NMpeACTaBisieT cOO0N CTaJbHYIO MIACTUHKY,
KOTOPYIO MO>KHO C ITOMOIIbIO BUHTA MPUOIMKATh K TOJIOCHBIM HaJICTaBKaM MOCTOSTHHOTO Mar-
HUTA NpUOOpa WM yIalsTh OT HHUX. BeanumHa MarHUTHON MHAYKIMM HOJIS TOCTOSIHHOTO Mar-
HUTA U3MEHHUTCA U TPaynpoBKa MPpUOOpa BOCCTAHOBUTCSI.



Jl1s n3MepeHust COPOTUBIIEHUS U30JSILUN OTAEIbHBIX YaCTEH JIEKTPOTEXHUUECKUX YCTaHOBOK
II0 OTHOIIEHUIO K «3eMJIe» U APYT K JIPYry ClyKaT MEroMMeTpbl. MI3MepeHune conpoTuBiIeHUs
U30JISIUH JIOJDKHO TTPOM3BOIUTHCS HANPSHKEHUEM, 1O .BO3MOKHOCTH PaBHBIM paboyeMy, HO He
meHbuM 100 B. MeroMmeTpsl COCTOAT U3 UCTOYHMKA HANpsKEeHUs (FeHepaTtopa IMOCTOSHHOIO
TOKA) ¥ U3MEPUTEIBHOr0 npudopa. s u3mMepeHus conpoTuiaeHus 3axxum JI merommerpa npu-
COEAMHAIOT K OJTHOMY MPOBOJY JMHMH, & 3aKUM 3 — K JIpyromy IIpOBOJY WU K «3emie». Bpa-
mas pydky MeroMmmerpa ¢ yactoroi 120 06/MuH, ONpeAemsioT Mo IIKaje COMPOTUBICHUE H30-
JSILMH.

Xoa pabdoTsl

1. O3HAaKOMHUTKCS C MPUOOPAMH, HEOOXOIUMBIMHU IS BHITIOJHEHUS pa0OTHI U
cobpath cxemy 1o puc. 34 wiu 35.
2. JlaTh IPOBEPUTH CXEMY MPEIOIABATEIIIO.
3. [Moxxirodast B cXeMy pa3indHbIC Pe3UCTOPHI, 3aMEPUTh HANPSDKEHUE U TOK B 1ienu. J[aH-
HBIC 3aMEPOB 3amucarh B Ta0JI. 1.
N3mepsemoe 3amepsnl Us /, A R'xOm Rxcp’,Om | RX,OMm
COINPOTHUBJICHUE
R1 1
2
R> 1
2
Rs 1
2

[Tpu npoBeaeHUN U3MEPEHUH IO CXEME Ha pUC. 35 aMIIEpMETpP MOKAXKET BEIIMYMHY TOKA, IPOXO-
JISIILEro Yepe3 MCKOMOE CONPOTHBIIEHHE RX, a BOJIbTMETp Oy[eT yYUThIBATH KPOME HAIPSKEHUS

Ha 5TOM COIIPOTHUBJIICHUU HAIIPAKCHUEC, IIPUXOAAIICCCA HAa aMIICPMETP. HO3TOMy HUCTUHHOC 3Ha-
U-Uyp_U—-IRy
I I
HAIIPSPKCHUEC, TPUXOAAIIeeCd Ha aMIICpMETp, a RA — COIIPOTHUBJICHUC aMIICPMETpPaA.

Ecnu Ra mano no cpaBHenuto ¢ Rx, mocneanee MOXHO OINpPENEIUTh 0 NpUOINKEHHONH Gopmy-

]
YeHue CONpoTHBICHUsI Rx ompenensercs no ¢opmyne Ry = = TA'RA, rae Ua—

U

jae Rx'= 7

4. BxurounB 1iemnb, U3MEPUTH YCTAHOBJICHHBIE PE3UCTOPHI OMMETPOM U 3alucaTh JIaHHBIC B
tabn.. 1 (rpada Rx, Om).

5. [To maHHBIM 3aMepOB OMPEACNUTh METOJIOM aMIepMeTpa U BOJIBTMETPa BEIMYUHBI CO-

NPOTHBIICHHSI PE3UCTOPOB. 3anucaTh JaHHbIe B Tab. 1 (rpada R'xOm)
6. Beruucinuth cpeiHee 3HaUCHUE CONMPOTUBIICHUS JUJUIS KaXKJOTO PEe3UCTOpa M 3alHCcaTh JTAHHbBIE
pacuetoB B Tabi. 1 (rpada Rxcp’,Om).

7. VY6enutbes B npubIu3nNTENTbHOM coBaieHnu R'x, Rxcp’, Rx.
Hwke npuBoasTCS npaBuiia BBITOIHEHUS U3MEPEHH ¢ ToMOIIbI0 Merommerpa M1101M:
1) MIPOBEPUTH UCIPABHOCTH NMPUOOpa MPH Pa30MKHYTHIX 3akuMax. [Ipu BpalieHun pyKosT-

KM CTpPEJIKa JOJDKHA YCTAHOBUTBHCS HA, OTMETKE «00» IIKaJIbl METOMMETPA, €CJIHU MEePEKIII0YaTellb
CTOWT B NoioxkeHnn «MEOQ», niam Ha oTMeTke «0» TOM Ke IIKaJbl, €CIU MEPEKI0YaTeNb CTOUT B
nojtoxkeHun «KQy;

2) MIEPEKIIIOYATENh YCTAHOBUTH B NOJIOKEeHUE «MQ» nimm «KOQ»;

3) K 3axuMaM <«JIuHuA» U «3eMis» MOACOSIUHUTH JJIEMEHT, CONPOTHBIEHHE KOTOPOIo
HAJI0 U3MEPHTB;

4) PaBHOMEPHO C 4acTOTOH 2 00/c BpalaTh pyKOSATKY FeHepaTopa MEroM MeTpa U Mpou3Bo-
JUTH OTCYET IO €ro LIKaJe;

5) IUIT U3MEPEHUS] COTPOTUBIICHUS HM3OJSIMH MEXKIY NpOBOJaMH Tpex(asHOW JIMHUH U

MEXTY KaKIbIM (Da3sHBIM TIPOBOJOM «3EMIICH» MOTPEOUTENH ANEKTPUIECKON YHEPTHH TOIKHBI
OBITH OTKJIFOUYCHBI. VI3MEpeHust TPOBOMIAT COTJIACHO IMyHKTaM 3 u 4 npaBwil. Pe3ynbraTel usmepe-
HHUM 3amucarh B Ta01. 2;

| dasa-3emuis Rusy, MOw | basa —dasa | Rusv ,MOM




A — 3eMia A—B
B — 3zemua B—C
C — 3emus C—A

6) U U3MEPEHUS U30JIAIUU BCeX OOMOTOK cTaTopa Tpex(a3HOro AJIEKTPOABHUraTess IepeMeH-
HOT'0 TOKa HEOOXOAUMO Pa30MKHYTH OOMOTKH. Pe3yabTaThl H3MEpPEHUI 3amucarh B Ta0I1.3
Tabmuma3

daza —KopIyc Rusw, MOwm ¢aza —cpaza Rusw, Mo

C1—- xopnyc A—B

C2 — kopnyc A—C

C3 — kopiyc C—A

4. OTBETUTH Ha BOIPOCHI
1. B 4em cymHoCTh METOJ]a U3MEPEHUSI COIPOTUBIIEHUS C IOMOLIBIO aMIIEpMETpa U
BOJIbTMETpaA?
2. Kakue cymiecTByloT cxembl BKIIOUEHHUSI aMIIEpMETpa U BOJIbTMETpa JJIsl U3Mepe-
HUS COTMPOTUBIICHUS M KOTJa KaKasi cxeMa mpuMeHsiercs?
3. Kakoli 3aKOH 2JIEKTPOTEXHUKU JIEKUT B OCHOBE METO/1a U3MEPEHUS COIPOTHUBIIE-

HUS C IOMOILBIO aMIIepMeTpa U BOJbTMETpa?

Kakue ycioBust He00X01uMO cOOI0JaTh JIJIs OBBIIEHUS TOUHOCTH U3MEPEHUS?

Kakoii npr0op (kakoro Tuma u Kjiacca TOUHOCTH) IPUMEHSETCS B OMMeETpe?

KakoBo ycrpoiictBo ommeTpa?

KaxoBo ycTpoiicTtBo Merommerpa?

Jli1s yero U3MepsItOT CONPOTUBIIEHUE U30JISLMH IPOBOIOB?

YeMmy 10JKHO OBITH PABHO CONPOTUBIICHUE U30JIALUU MEXY 3aKUMaMU pa3iIny-
HBIX 0OMOTOK, a TaKXKe MEXAY 3aKUMaMHU JIF000H OOMOTKH U KOPITYCOM, €CITH U30JISALIUS
HE MOBpeXxaeHa?
10. Biusger 1M Ha TOYHOCTh M3MEPEHUSI U3MEHEHHUE YacTOThl BpAlllEHUS PYKOSITKU Me-
rommerpa B npenenax ot 60 go 180 06 /mMun?

Crnenartp oTuer

©ooN oA

IIpakTnyeckas padora Ne 10.

Tema 6. TpanchpopmaTopsl
HcnbiTanue Tpexdasnoro rpancopmaropa.
Iesb padoThI: H3yUUTh YCTPOICTBO U OCHOBHBIE XapaKTEPUCTUKU Tpexda3Horo Tpanchopma-
TOpa, ONpeneauTh KodHPHUIMeHT TpanchopMaluu, U3yduTh paboTy: TpaHnchopmMaropa npu
CUMMETPUYHON Harpyske.
Ilepeyennb ucnoJib3yemMoro o00pyaoBaHus
AMIiepMeTp nepeMeHHoro Toka — 0 mT. BoasTMeTp nepeMeHHorp Toka — 2 mr. Barrmerp
tpexdaszuprii — 2 mr. Tpanchopmarop Tpexdasubiit — 1 mrt. Pesucrop nepemeHHbii — 3
mIT. ABTOMAaT TPEXIOJIOCHBIN — 3 HIT.
TeopeTuyeckas 4acTh:

OcHOBHOE IpUMEHEHHNE UMEIOT MaciaHble TpaHchopmaTopsl (MT), Hanpumep,
TMBI'400/10-VI: Tpexda3ublii, MaciasiHbli, ¢ BUTBIM CEpAEYHUKOM, TepMeTUuuHbId, 400
kBA, 10 kB, rpynna rabaputasix pazmepoB VI.
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Puc. 95. CunoBoii MacisHblid TpaHchopmarop: 1, 5, 6 — TpaHCHOPTHBIE Y3Jbl; 2 —

cnuBHas npoOka; 3 6ak; 4 — macnopTHas Tabauia; 7 natpyook

Macno orbupaeT Termio u3 0OMOTOK ObIcTpee, ueM Bo3AyX. [loaToMy 0OMOTKH Mac-
JASHOTO TpaHchopMaTopa HAMOTaHBI 60Jee TOHKUM MPOBOIOM. DTO 3HAUYUTEIbHO
YMEHBIIAET €ro rabapuThl.

Onnako Macio 3aropaeTcs npu HarpeBanuu 6oxbme 150 °C, a mapbsl Maciaa B CMECH €
BO3/1yXOM B3pbIBatoTca. Heo6Xxo1uM mOCTOSIHHBINA KOHTPOJb YPOBHS Macja B 0ake U ero
Temneparypsl (Wi naBiaeHus). Co BpeMeHeM napaMeTpsl 1 COCTaB Macja MEHSIOTCS.
Ero Heo6xoauMo nepuoanYecKk NpoBEPSATh U MEHSTh.

AxTtuBHas yacTh MT cocToUT U3 0OMOTOK BBICOKOTO M HU3KOTO HANpsKEHUs, cep-
JIEUHUKA U3 CTaJM ¢ OOJBIION MATrHUTHOW MPOBOAUMOCTHI0. OHA MOMeIaeTcsl B Macisi-
HbII 0aK, KOTOpPbI FepMETHYHO 3aKPBIBAETE» KPBILIKOM.

Ha xppimike ycTaHOBIJIEHBI BBIBOJABI 0OMOTOK BBICOKOT'O U HU3KOTO HAIPSHKEHUS, IPH-
BOJI epeKIoyuaTess yucia BUTKoB oOMoTku BH, a takxke nmatpy6ok ¢ GpuiabTpom aiis
3amojHeHus MacyioMm (puc. 95).

B HuxHel yacTu O0aka pacroJioKeHbl KiieMMa JJIs 3a3€MJIEHHUS U CIMBHON MaTpyOoK C
npoOkoii. CMOTpoBO€ CTEKJI0, HAa 0ake M03BOJIsIET KOHTPOJUPOBATh YPOBEHb Macia,
TEepMOMETp — TemmepaTtypy (puc. 95).

Cyxue cuiioBbie TpaHCPOPMATOPHI TOPOKE, 3aHUMAIOT OOJIbIIIE MecTa, OOSATCS BIarH.
[TosTOMy MX yCTaHaBIMBAIOT TOJBKO TaM, e paboTalOT JIOAM U TJle Hellb3s YCTaHO-
BUTH MAaCISHBIN TpaHCPOpMaTop.

Tpexdazubie TpanchopMaTopbl IPeodPa3yroT NEKTPHUUECKYIO SHEPTHIO B Tpexpa3HbIX Lie-
TSIX C OJTHAM COOTHOIICHUEM JTMHEHHBIX HANIPSHKECHUI M TOKOB B DJIEKTPHUYECKYIO DHEPTHUIO C
JPYTUM COOTHOIICHHUEM 3THUX e BeIMYUH. B Takux TpaHcgopmaropax ecTb JBe Tpex(dasHble
00MOTKHM — BhIcHIero HanpsbkeHus: BH u Husmero nanpsbkenus HH, B kax1yro U3 KOTOpBIX
BXOJAT TpH (hazHble 00MOTKM Wi ¢a3el. CiienoBarenbHO, TpexPasHblil TpaHchopMaTop UMEeT
IECTh HE3aBUCUMBIX (pa3HBIX OOMOTOK M 12 BBIBOJOB C COOTBETCTBYIOIIMMH 32)KHUMaMH, TTPH-
YyeM HaualbHble BBIBOJIBI (ha3 OOMOTKHU BBICIIETO HampspkeHus: ooo3Havaot A, B, C, koHeuHbIe
BBIBOABI — X, Y, Z, a mis a3 0OMOTOK HU3IIETO HAMPSHKEHUSI PUMEHSIFOT aHATIOTHYHBIE 000-
3Ha4YeHus1 — a, 0, ¢ u X, Y, Z. Pa3zHbple OOMOTKHU BBICIIETO U HU3ILETO HAMPSHKEHUH COSTUHSIOT



3BE3/101 WM TPEYroJIbHUKOM, IPUYEM IPU COSAUHEHUH UX 3BE3/10i HEHTpalIbHbIE TOYKU 000-
3Ha4atoT O u o.
®da3ubiil kKodhGUreHT TpaHChHOPMAIUHU ONIPEACTSAETCS OTHOIMIEHUEM (Pa3HBIX, HAPSIKECHUH TPU

U
xonocToM xoze: Ky = —peu
Utj) HH
JIvneinplii kodppuuuenT TpanchopMaLUU ONPEAEIAETCS [0 aHAJOIHYHON opMyIie
Jl 6H
K, = U
Jl HH

Ecnu coequnenue ¢pa3HbIX 0OMOTOK BBIIOJHEHO 10 cxeme Y / Y mwiu A/A, To 06a k03 du-
LUEHTa OJJMHAKOBBHL, T. €. Ky = Ky
IIpu coenuennn mo cxeme Y/A Kn=V3Ky, a mo cxeme A/ Y

K, =2

3

Kaxnomy tumy coequHenus (pa3HbIXx 0OMOTOK COOTBETCTBYET OIPEICICHHBIN yroi caBura ¢a3
MEXly COOTBETCTBYIOLMMU BBICIIMMH ¥ HU3IIMMU HAIPsYKEHUSIMHU, OTCUUTHIBACMBIN B HAIpaB-
JICHUH BPAIEHUs YaCOBOM CTPEJIKU OT BEKTOPA BHICILIEIO HAIPSKEHUSI K BEKTOPY HUBIIETO
HanpspKeHus. BenuunHa 3TOro yria 3aBUCUT OT HalpaBJICHUs HABUBKU OOMOTOK, MapKUPOBKH
UX BBIBOJIOB M MPUHSTOTO TUTIA COeTMHEHUS (ha3HBIX 0OMOTOK. [Ipn 0JTHOM 1 TOM e HampasJie-
HUM HaBUBKHU, OJJMHAKOBOW MapKUPOBKE BBIBOJIOB U COEAMHEHUH (Da3HbIX OOMOTOK 110 cxeme Y /
Y yron casura ¢a3 Mexay BeKTOpaMHy JIMHEHHBIX HanpshkeHnid Ua 6 M paBeH HYJIO B TaKOH

Tpancopmarop otHocutcs K rpymme O (puc. 43).
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Pue, 44, Cxema Ttpexdasnoro Tpanchopqatopa Y/ &
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Pue, 44, Cxema Tpexdasnoro Tpanchopyatopa Y/ &

HomunanbHas MOIHOCTE Tpexdasnoro tpanchopmaropa S=3Uy X I, a aKTUBHAsA MOIHOCTh
Py=3Uy, X I, nmu Pu=v3U,, X I, cos ¢,

Koaddunment mouHocTH TpanchopmaTopa cos ('01:\/35;:1171’ rjae P1 — akTUBHAS MOIIHOCTb
CO CTOPOHBI IEPBUYHON OOMOTKH. o

3arpy3ka TpexdaszHoro TpanchopmMaropa onpeaesnsiercs mo Gopmyie
I
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H
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rae f — ko3¢ dunueHT 3arpysky, a |2 u loy — cOOTBETCTBEHHO TOK Harpy3Ku BTOPHUYHOM
00MOTKH TpaHchOpMaTOpa U €€ HOMHUHAIBHBIA TOK.

Bremnss xapakTepucTiuka TpaHchopMaropa — 3TO 3aBUCHMOCTh HAPSDKCHUS Ha 3aKHUMax
BTOpHYHOI 00MOTKH U2 OT TOKa Harpy3ku l2. XapakTepucTHKa CHUMAETCSI OOBIYHO MPH 3HA-
yenusx 12=(0; 0,25; 0,5; 0,75; 1; 1,25) |2y

Xox padoTbl

1. O3HaKOMHTHCS C YCTPOMCTBOM M MACIIOPTHBIMU JaHHBIMHU . Tpex(dazHoro Tpancdop-
MaTOpa U 3alKcaTh UX; HOMUHAJIbHAs MOIIHOCTh SH, KB*A; HOMUHAJIBHOE IEPBUYHOE
Hanpspkenrne UH2, HOMUHAJIbHOE BTOPUYHOE HANPSKCHHE

2. Coennnuth aszHbie 0OMOTKH TpaHchopmaTopa 1o cxeme Y / Y, coOpaTh cxemy 1o
puc. 45 u 1aTh MPOBEPUTH €€ MPENoAaBaATEINIO.

Prc. 45, Cxewma wenuramii rpexdasioro tpanc@opuatopa

4. Pa3oMKHYTHh aBTOMAT B2, BKIIOYUTH TPAaHCPOPMATOP B CETh U 3aITUCATh MOKA3aHUS BOJIb-
TMETPOB B Tab. 1.

Hanpwmennse, B .

Cxomn

M i fre BH W | [ :

thad chuatog | U aw Uwe Uea Uap 'Uh.'- U.._—.;

l . B Bl Bl B 51 B

1 Yi¥ ‘ [

2 Yia
a3 aly
4 e

4.

5.

[Tpu BEIKITFOYEHHOM aBTOMaTe B1 moouepenHo coequHATh (ha3HbIe OOMOTKH TIO CXe-
MaM Y/A, A/'Y u A/A, nocrie BKIIOYEHHUS ITOTO K€ aBTOMaTa C/eNaTh OTCUYETHI IO BOJbTMET-
paM U pe3ynbTaThl 3anucath B Ta0m. 1.

Boruncnuts ko3 puimenTs! Tpanchopmanuu Tpexdaznoro tpancpopmaropa (hasHo-
ro K¢ u nuneitnoro Kir) npu coenunenun gasubix o00MoTok mo cxemam Y/ Y, Y/A,

A/'Y u A/A npoBeputh cupaBeminBocTb Gopmya (1)~(5). Pesynbrarsl pacueToB 3amnucath B

TadiI. 2.
. Ky
Caema N & 1

* Ié.?} ooMoTOK Ke Uz g, BV v a0 oty | ne gopay
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2 YiA 1

3 Ay !
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6. Co0Opath cxemy 10 puc. 45, BKIIOYNATH aBTOMAT B2 U CHSTH BHEIIHIO XapaKTePHCTH-

Ky TpaHcpopmaropa: U, = (1,)

PesynbraTel

U3MEpEeHUHN

U pacyeToB 3amnucarh B Ta0JI. 3.
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7. CocTaBUTh OTYET 1O padbore

IpakTnyeckas padora Ne 11
Tema 7. DnekTpHYecKHe MaIIMHBI
O3HakoMJIeHH e ¢ YCTPOHCTBOM ACHHXPOHHBIX MAIIIMH.
Heas paGorpi: 3yueHne OCHOBHBIX YacTeW ACHMHXPOHHBIX MamuH. OnpezeneHue Haval U
KOHIIOB (ha3HBIX 0OMOTOK TpeX(a3HOro aCHHXPOHHOI'O JBUTATEIs.
Ilepedennb ucnoib3yemMoro o00pyaoBaHus
AcuHXpOHHBIN 31ekTpoaBurarenas 220/127 B, 07 kBt — 1 mir., namna HakanuBanus 36 B — 1
LIT., ICTOYHUK IIepeMeHHOro Toka 36 B, coequHuTeNnbHbIE IPOBO/IA.
Teopernveckasi 4acTh:

Mamunsl, TpeoOpa3yoine IEKTPUUECKYI0 YHEPTHI0 B MEXaHHUYECKYI0, Ha3bIBAIOT
JIBUTaTENsIMU, a NMpeoOpa3yloliue MEXaHUUECKYI0 SHEPTUI0 B 3JIEKTPUUYECKYI0 — TeHe-
patopamu. JIro0yio mManmHy o0pa3yeT HEMOJIBMIKHBIH KOpPIIyC — CTAaTOp M POTOp, pac-
MIOJIOKEHHBIM BHYTPHU CTATOpa Ha Bajly BPAIleHMs B MOJIINIHUKAX OOKOBBIX KpPBILIEK.

Ha BHyTpeHHEH MOBEPXHOCTH CTAaTOpPa M Ha POTOPE PACIOJOXKEHBI OOMOTKH (KaTyII-
KU UHAYKTUBHOCTH).

[Ipuanun paGoTHl AIEKTPOABUTATENSI OCHOBAH HAa B3aMMOJCHCTBUU MAarHUTHBIX CHII
TOKOB OOMOTOK pPOTOpa U CTAaTOpa, BBI3BIBAIOLIEM BpallleHUuE poTopa.

Pa3znauuaror qBUraTenu nepeMeHHOro U ABUTaTeId NOCTOSHHOIO TOKaA.

Campllt mpocTOl, HaJEXHBIA, AEHMIEBBII — 3TO ACUHXPOHHBIN TpexQas3HbI NBUTaA-
T€JIb MEPEMEHHOTO TOKa. Y HEro HEeT KOJUJIEKTOPHO-IIeTOYHOTOo y3iaa (puc. 96). Tok
HaMarHU4MBaHUs B 3aMKHYTOM OOMOTKE poTopa co37aéT MarHuTHas CHJia TOKa 0OMoO-
TOK cTaTopa (3JIeKTpoMarHuTHas UHAyKuus). Ha HaMarunumuBanue poTopa HE0OOXOAUMO
Bpems. [ToaTomy Tok B poTope pacTér u yObIBaeT, OTcTaBasi BO BpEeMEHU OT TOKa CTaTo-
pa, T e. acuaxponHo (0,02-0,03 ot 1/50 cexk).

[Tpu BKJIFOYEHMH aCMHXPOHHOTO JIBUTATeNsl BO3HUKAET UMIYJIbC TOKa OOpaTHON HH-
OYKIHUU U3 LIEeNU pOTOpa B OOMOTKM CTaTOpa, a 3HAYUT, U B DJIEKTPUUYECKYIO CE€Th. DTO
co3/1aéT NMOMEXM JpYruUM MnoTpedutensM ceTtu. [lo3ToMy acHMHXpOHHBIE ABHUTATENU
00JIBIION MOIIHOCTH O0OPYAYIOT KOHTAKTHBIMHM KOJbIAMU U HIETKAMU, KOTOPBIE HC-
MOJB3YIOT TOJBKO NMPH MYCKE U OCTAHOBKE ABUTaTeNs O0JIBIION MOLIHOCTH.

Uepe3 Tpu MWETKU U. TPU KOHTAKTHBIX KOJIbIA K (pa3HBIM 0OMOTKaM pOTOpa MOAKIIO-
YeHBbI MyCKOBBIE peocTaThl (puc. 96).

PeoctaTsl MOJHOCTHIO BBOAAT Iepel BKIIOYEHUEM U MEJJIEHHO BBIBOJST MO MeEpe
HaOupaHus poTopoM 000poTOB. MemlieHHOe HaMarHW4MBaHUE M pa3MarHUYMBaHHUE PO-
TOpa HE BBI3BIBAET UMITYJIbCa OOpaTHON MHAYKIUMU B OOMOTKE CTaTOpa U CETH DJIEKTPO-
CHaOXeHUS.

[IpocTeiimas 0oOMOTKa aCHHXPOHHOTO JABUTAaTENsl 00pa3yeT JBa MarHUTHBIX MOJIOCA B
kaxaoi ¢aze. Porop nmpu stom aenaer onuH obopot 3a 1/50 cexk —- 3000 o6GopoToB B
MHUHYTY. Takas CKOpOCTh BpalleHHs HY>XHa He Bcerjga. UtoObl €€ CHU3UTH, OOMOTKY
CTaTopa BBIMOJHAIOT B BUuJe cexkuuit. O6pasyercs 2, 3, 4 mapsl OJIOCOB B KaxJ0H ¢ase
cratopuoit oomotku. Torma porop 3a 1/50 cex moBepuercss Tonbko Ha 1/2, 1/3,1/4
gacTh 000poTa, a CKOPOCTh, COOTBETCTBEHHO, cocTaBut 1500, 1000, 750 o6opoToB B
MUHYTY.

Tox B oOMoTKax craTopa Tpex($a3zHOTo ABUTaTENs 3aBUCUT OT CII0CO0a BKIIOYCHUS: B
3Be3ny, In~ 1.71¢, B TpeyronbHuk, In =I1¢



OTHUM, BMECTO peocTaTa, MOJb3yIOTCS MPH 3alyCKe aCUHXPOHHBIX ABUTaTeNei 00Jb-
I0M MOIIHOCTHU (MYCK B 3BE31y, paboTa B TpEyrojbHHUK). Takke MOXHO BHIOpPAaTh HYX-
HYI0 MOIIHOCTH (puc. 97). [Ins cMeHBl HanpaBieHUs BpalleHUs ABUIATENs JOCTATOYHO
MOMEHSITh MECTaMH NMPOBOJa ABYX (a3 ceTu MUTaHUS.

bonpuie apyrux npuMeHs0TCS acCUHXpOHHBIE aBurarenu cepuu A, UA, ALl. Hanpu-
Mep, A02-BM: acuHXpOHHBINH, 001yBaeMbIid, cepus 2, BJIaro-, MOPO30CTOWKOE HCITOJI-
HeHue; 4AH200- M4V 3: cepus 4, acCHHXpOHHBIN, HE3aIUIIEHHBINA, BBICOTA OCH Bpalle-
Husg 200 MM, rabapuTHas rpynmna M, 4 moinroca, IS yMEPEHHOTO KJIMMaTa, KaTeropus
pasmemenus 3; AIP100MY: acuHXpOHHBINM, HHTEP3JIEKTPO, TpyIIla napaMeTpoB ycTa-
HoBKH P, BwricoTa ocm 100 mm, raGaputHas rpynna M, 4 mostoca (2 mapsr), 1500
00/MuH.

PHc. 96. Ycmpoticmeo u cxembr eKIGHEHUR GCUHXPOHHBIX O8U-
zamenei; @ — C 3AMKHYIILIM pOmOpoM, O — ¢ DA3OMKHYMbIM
pomopom; [ — ean; 2, 9 — nodwunnuru, 3, 8 — noduwunnuxo-
eoie wpumol; 4 — cmamop; 5 — pomop, 6 — kopaye, 7 — paz-
Has sbmomra; 10 — xowmaxmubie Korbya nodrIOYeH U
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Puc. 97. Kowcmpyxyna u pasmeujerue GOMOMOK cmamopa
MpEXPAIHORZO ACUKXPOHRHO20 OBU2AMENT NEPEMCHNO20 MOKa

Puc, 98. Cxembl BKIIIOUEHUSI 0OMOTOK CTaTOpa ¢ mpess napa noocos

ACHMHXPOHHOI'O IBUIaTCJIsA

ACHHXpOHHBIE IBUTATEIN MOLTHOCTHIO MeHbIe | KBT paGorator ot ogHoit dassl ((p-0: 220 B).
YrtoOBI cO3/1aTh MYCKOBOH ()a30BbIil CIBUT MEXy MAarHUTHBIMH CHJIAMHU CTaTOpa U POTOpa, Ha
MOJIIOCAaX CTaTopa pa3MeIlaloT IYCKOBYI0 OOMOTKY, KOTOPYIO BKIIIOYAIOT B CETh Yepe3 KOH/ICH-
carop eMKocThIo 2-10 Mk® Pa3BuBaTh HOMUHAIBHYIO MOIITHOCThH HA BaJly NPU HOMUHAIBHON
4acTOTE BpalleHus TpexX(a3HbIil aCHHXPOHHBIN JEKTPOIBUTATENb MOXKET TOJIBKO B TOM CIIydae,
€CIIH TPU ero OOMOTKH Ha CTaTope BKIIIOUEHBI MPaBHIIbHO. B mpakTHke peaxo cimydaercs (oco-



6CHHO IMOCJIC pCMOHTA ,Z[BI/IFaTeJISI), YTO KOHIBI U Ha4YaJjia OTACJIbHBIX 06MOTOK QJICKTPOABUTATCIIA
CITyTaHbl © BMECTO KJICMMHOM JOCKH ISl IPUCOSAUHEHHSI IBUTATEIISI K CETH BBIXOJIAT IIECTh
KOHIIOB. B 3TOM cityuae HE0OX0MMO pa3o0paTbesi, KaKue U3 HUX — KOHIIBI, a KaKue — Haydasa
00MOTOK, TaK. KaK €CIIi XOTh OJIHA U3 OOMOTOK BKITFOUCHA HETIPABHIIBHO, JIBUTATEIh HOPMAJILHO
paboTaTb HE CMOXKET.

Pa3BuBath HOMHHAJIbHYIKO MOIIIHOCTH Ha BaJly IIPpU HOMHUHAaJIBHOHN 4acTOTe BpalICHUA Tpexq)as-
HBI ACHHXPOHHBIN 3JIEKTPOIBUTATEIbh MOYKET TOJIBKO B TOM Cllydae, €CJIM TPH €ro OOMOTKH Ha
CTaTOpE BKJIFOYCHBI MPABUILHO. B mpakThke peako ciydaercs (0COOEHHO MOciie PeMOHTA JIBUTA-
TEJIs), YTO KOHIIBI M HaYayia OTJICIbHBIX OOMOTOK 3JIEKTPOJIBUTATENIsI CIIyTaHbl K BMECTO KIIEMM-
HOU AOCKHU U NPUCOCANHCHUA ABUTaTCIId K CCTH BBIXOAAT HICCTh KOHIIOB. B sTom cry4dac
HE00X0IUMO pa300paThCs, KaKue U3 HUX — KOHIBI, @ Kakhe — Hadajga 0OMOTOK, TaK. KaK eClin
XOTb OJJHA U3 O6MOTOK BKJIFOUCHA HCIIPABUJIBHO, JABUTATCJIb HOPMAJIbHO pa6OTaTB HE CMOXKCT.
[Tpu nmpaBUIIBHOM COSTMHECHHHM OOMOTOK CTaTOpa JBUTATEs 3Be3/10i Bce Havasia ooMoTok Cl,
C2, C3 mpHuCOEIMHSIOT K 3aKUMaM CeTH, a Bce KoHIlbl C4, C5, C6 — Kk 0o0111e#t HyIeBO# TOUKe
(puc. 51, a). [Ipn npaBUILHOM COEIMHEHUU TPEYTrOJILHUKOM Bee Havana (a3ueix oomotok Cl,
C2, C3coeanHSIOT C CEThIO, a KOHIIBI — ¢ Hadanamu apyrux ¢as (puc. 51, 6). Ecnu HenszBecTHa
MapKHUPOBKA BBIBOJIOB CTATOPHOM OOMOTKH aCHHXPOHHOT'O TpeX(a3HOoro JBUraTess, €€ MOKHO
YCTaHOBUTH CJICTYIOIINM CIIOcOOOM. Bece 00MOTKM cTaropa HaMOTaHbI Ha OJIMH CTAIBHOM cep-
neunuk. Ecim yepe3 oJjHy 0OMOTKY MPOIyCKaTh MIEPEMEHHBIN TOK, TO B IPYTHMX OOMOTKaX HaBO-
mutes D/1C B3aUMOMHAYKITNH, KaK BO BTOPUYHBIX 00MOTKax TpanchopmaTopa. Eciau coemuHuTD
JIBE€ OOMOTKH TaK, 4TOOBI KOHEIl OJIHOW OBUI COCJIMHEH C HA4ajoM JIPYroi, TO HAlPSHKEHHSI Ha
ATUX 00MOTKax OyAyT CKIIabIBaThCsA. Eciy jxe coeAMHUTh HAa4allo OJTHOM OOMOTKH C Ha4yajioM
JPYTOii U KOHEIl OJJHOM C KOHIIOM JIPYT'O#i, TO HANPSDKEHHS HA HUX U3MEHSIOTCS B IPOTUBO(a3e
U TIOTOMY CyMMAapHO€ HaIlpsDKEHHE MEHbBIIIE HAallPsKEHUs Ha oJHOW oOMoTKe. Takum oOpazom,
IPU COCAMHEHUH KOHEI — HAYaJio HAIIPSDKEHUE YBEIMYUBACTCS, a IIPU COSTUHEHUH KOHEIT ~
KOHEI| (MM HaYaJio — Hadaio) — yMeHbImaercs. [1ob3ysach 3THM, MOKHO MapKHPOBATh BHIBO-
JIbI CTATOPHBIX 0OMOTOK. [Ipu MapkupoBKe KOHIIOB OOMOTOK HEOOXOUMO TMOJIb30BAThCS MOHH-
JKCHHBIM HAITPSKCHUECM.
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Puc. 51 Cxema noakirodeHns 0OMOTOK cTaTopa Tpex()a3zHoTro aCHHXPOHHOTO JABUTATEIIA: a —
3Be3/10i1, 0 — TPEYrOIbLHUKOM

Xoxa padoTsbl

1. CoOpatb 3JIeKTPUUYECKYIO CXeMY IO pHC. M ITOKa3aTh ee npenojasarento. [ToouepenHo
BKJTIOYAst OJTHOTIOJIFOCHBIC BUJIKH B KJIIEMMEBI BBIBOJIOB (pa3 CTATOPHOH OOMOTKH aCHHXPOHHOTO
JIBUTATEIs, ONPEIETUTh BHIBOIBI TpeX 00MOTOK. [1o 3aropanuro 1amisl OnpeaenuTs (OMapHo)
KJIEMMBI — BBIBOZIBI KQXKI0H (ha3bl.

2. ITpou3BosibHO 0003HAUUTH HyMepaluio (az: @1, P2, (3, a TAKXKE MPOU3BOJILHO 0003HA-
YUTh BBIBOJBI IEPBOM, BTOPOW U TpeThel (a3bl: H1 H2. H3—Hauvana oomMoTok, Ki, Kz, K3 — kon-
16l OOMOTOK.

3. Cobpath cxemy 1o puc. 53. Ha stoii cxeme 0003HaueHHbIN KOHell repBoil ¢ga3el K mog-
KJIIOYaeTCsl K OTHOMY M3 BBIBOJIOB BTOPOI1 (pa3bl, Ipyroil BEIBOJ BTOPOH (a3l 1 0003HAUEHHBIN
BBIBOJI H1 TTOAKITIOYAIOTCS K AyieKTposamiie. [Ipu 5ToM Kk 00MOTKe TpeThelt a3bl mojaeTcs
HanpspkeHue 36 B.
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Pire, 52, Cxema  ad# Pne. 53 'Cxema  ureapa-
onpeJeneius  BLIBOIOB SUALUGIG COCAMHCHIN 1eD-
OOMOTOR CcTATOPA TDEX- roit 1 BYOpoli dazr obumo-
Qasnorn  ACKAXDOHROTO TOK CTATOPA TpexdasHoro
JBHTATENH ACHHXPOINIOTO  ABUMATENH

{taMrma He ropuor)

Tok, mpoxojist o 0OMOTKE ¢h2, CO3[IAaET B CEPACUHUKE CTATOPa IEPEMEHHOE MarHUTHOE T10-
Jie, KoTopoe BbI3oBeT HHAYKTHBHYI0 DJIC B ABYX Apyrux, ¢pasHbix 0OMOTKax {1, P3).

1. B 3aBrCHMOCTH OT TOT0, KaK CO€IMHEHBI MKy c000i1 BBIBOABI (h1u ¢h2 DJIC B
THX 00MOTKaxX OyayT 1100 CKIaIbIBaThCs (TOra 3JIeKTpUUecKas jJamna Oyer
TOpeTh), MO0 BBIYUTATHCA (3NIEKTpUUECKasl lJaMIia TopeTh He Oyaer).

2. Ecnu npucoennneHnn mo cxeme puc. 53 ammna ropmr, TO 3TO 3HAYHUT, YTO KIIEM-
Mma K1 coeaunena ¢ Hauanom BTOpoit dazHoil 0OMOTKH, T. €. ¢ H2, Toraa ee BTO-
poii KoHel ecTh K2.

3. Ecnu namna He roput, 310 3HauuT, 4to K1 coenunen ¢ K2. Ecinu nomMeHATs Me-
CTaMH TOJKJII0UYEHHUE BEIBOJIOB P2 (puc. 54), TO 1amma 3aropurcs.
4. Takum e crnocoboM onpeAeauTb Hadyaio 1 KoHell TpeTkeil ¢assl. [ sToro co-

Opatb cxeMy 1o puc. 55 wiu 56. Jlammna Oynet ropeTh TOJIBKO MPU YCIOBUH CO-
enuHenus K2 ¢ Hs.
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Pre. B4 Cxema upa-  Pueo 59, Cxesa wenpa-  Pae. 56, Cxewa npa-
BILILNOTD COCNHHCHHA BIL11000 0 COCANMACHHSA BHALITIGICG COCENICTHA
nepeoill ¥ BTOPOHE (a3 nropol 1 oTpetkheft diaz nTopoi woTpeTeefi das
OBMOTRI ¢TATOPE Tpex-  GOMOTKY cTaropa {(dawm.  ofiMOrTKI cratopa {Fan-
thSITU['O ACHTIXPOTIHGTO na nc FU]J!IT}I ifa T‘D}JEIT)
aspraTeaa  (Jdavna ro-
pHT)
8. OxkoHYaTeabHO BBIBOJIBI BCEX TpeX 00MOTOK 0003HaubTe coraacHo ['OCTy.
9. CoenuHUTh 0OMOTKHM JIBUTATENs 3B€3/101, IPUCOEINHUTD K pyOUIbHUKY. [IpoBe-
pPUTH paboOTy JBUTATEIS.
10.  OrBeruTh Ha BOIPOCHI
1. Kak Hy»HO BKJIIOUNTH OOMOTKH cTaTopa Tpex(a3HOTO JABUraTelis, YTOObI
MOJIyYUTh COEUHEHUE 3BE310M, TPEYTOIbHUKOM?
2. Kaxk onpenenuTs KOHIIBI 0OMOTOK, MPUHA JISKAIe oaHOU (aze?
3. Kak onpeznenuts Hauana U KOHIBI 0OOMOTOK CTaTopa KakKIoi (a3bl Tpex-

($ha3HOr0 AaCHHXPOHHOTO JIBUTATEIS?

IIpakTnyeckas padora Ne 12.

Tema 8. Annaparypa ynpapJjieHUs U 321U ThI.



O3HakoMJIeHHE C YCTPOIiCTBOM aNNapaToB YNPABJICHUS H 3a1UTHI.

Heab padoTsi: M3yueHne ycTpoicTBa anmapaToB YIIPABICHUS U 3alIUThI, 03HAKOMJICHHUE C
MapKHUpPOBKOM U MTpaBUjIaMu BbIOOpA.

IlepedyeHb UCIOJIB3YyeMOro 000Py10BaAHUS

ABTOMAaTHYECKUH BBIKIIOUYATEb, IPEIOXPAHUTEIH.

TeopeTuyeckas 4acTh.:

K anmaparam ynpaB/jieHUsI OTHOCAT PYOMJBHUKH, NMAKEeTHble BKJIIOYATEJIH,
KOHTAKTOPbI, KHONIOYHbIE MOCTHI U TYMOJIepbl, 3JIEKTPOMATHUTHbIE MYCKATEIH, K
anmaparam 3alMThl — IVIABKHUE NMPeI0XPAHUTEN U ABTOMATHYECKHE BBIKJIHYA-
TeJH.

PyObunpHUKH MOTYT OBITH OJHO-, ABYX-, TPEXIOIIOCHBIMU, ¢ OOKOBOW MU LIEHTPATb-
HOM pyd4KoO#, € OJTOKUPOBKOH U 0€3 OJIOKMPOBKH.

I'né3na u HOxM paccuutaHbl Ha Toku OT 100 o 600 A u Hanpsxenue 1o 500 B. Py-
OUNBHUKM C OOKOBOM py4YKOW NPUMEHSIOTCS AJs pa3pbiBa 1eneid 0e3 OTKIIOUYEHUS
Harpy3KHU.

PyOunpHUKOM C LIEHTpadbHON PYUYKOW CHHUMAIOT HANpPS)KEHHE CETH MOcJe MpeaBapu-
TEJIBbHOTO OTKJIIOUEHUS HATPY3KH.

Hanpumep, pyounsuuk P-11: ogun nmomtoc, 100 A; P-31: tpu momtoca, 100 A. Ilpu-
MEHSIOTCS PYOUIBHUKU-OJOKH, Y KOTOPBHIX B HOXXM BMOHTHPOBAHBI NPEIOXPAHUTEIIH.
Hanpumep, BIIB-34: 610Kk mpemoxpaHUTENb-BBIKJIIOYATENb, TpU noatoca, 400 A (pwuc.
87).

[Ipumenenue pyOHIBHUKOB HE J0-
I A I MYyCKAaeTCs B TMbUIbHBIX, BJIAXHBIX W
B3PBIBOIMOKAPOOMACHBIX TOMEIICHUAX.
[TakeTHble TIEpEKIIOYATETIN TPUMEHSIOT-
Cs JJISl PYYHOTO MYyCKa, OCTAaHOBKH; H3-
MEHEHHs HaMpaBJEHHS U CKOPOCTHU
BpallleHUs SJIEKTPOJABHUTraTEICH; KOMMY-
—l— TallMd OCBEUICHUS M CUTHAJIHU3AIUH.
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Puc. 87. Cxema BIIB

Cekuuu, MakeTbl COCTOAT M3 MOJABUXHBIX U HEMOJABMKHBIX KOHTAKTOB. IlonBuikHbIE
KOHTAaKThl IOBOPAYMBAIOTCS BMECTE C IJIACTMHOW, HAa KOTOpOoHN HaxonsaTcs. Kaxabli ns
HUX COEIMHSAET B OJHY IMO3MIUIO0 JBa HEMOJBMXXHBIX KOHTakTa. CKOJbKO Map HEmo-
JBMKHBIX KOHTAKTOB B ITaKeTe, CTOJIbKO pabo4yux MO3ULIUN B nepekyroyarene (puc. 88).
Hanpumep, TIBM-2: nakeTHbIil BBIKJIIOYATENb MajlorabapuUTHBIN, IBYXIOJIOCHBIM: OJHA
no3uIus — paboyas, 0JHa — OTKIIOUCHHUS.

Uuncnao makeToB onpeaesieTcss cxemou nepekiaoderus (g0 10).

Bapa0anHble U Ky/Ja4yKoBbIe NepeKJII0YaTeJH (KOHTPOJJIEPbI) CIyXKaT i Ipo-
rpaMMHOTO (PY4YHOTO MU HOMXHOTO)
yIOpAaBIEHUS  JIBUXKEHHEM  DJIEKTPO-
TpancmopTa (puc. 88). B kaxmgol mo-
3ULIUN TEpEeKJroYaTenas — CBOS JJIEK-
TpUYECKas CXeMa NUTaHHUs DJIEKTPO-
JBUTaTeNsd; OCTaHOBKa, 1-s, 2-s1, 3-4,
4-9 CKOPOCTHU JIBHKEHUS.

TyMOJIepbl  TPUMEHSIOTCA A
yOpaBleHUs  HPOCTBIMU  CXEMaMHU
KOMMYTAallUH.




Puc. 88. YcrpoiicTBo makeTHOTro u 6apabaHHOTO NMepeKIoyaTesne

DJIeKTPOMATHUTHBIE MYCKATEJHU CIYXaT Uil TUCTAHIIMOHHOTO, PYYHOTO U aBTOMa-
THYECKOTO YHPAaBICHUS JJICKTPOJABUTATEISIMH W 3AlIUAIIAIOT X OT OMACHBIX PEKHUMOB
paboTHI.

[TyckaTens 00pa3ylT TOKOBas KaTyllka CO CTaJIbHBIM CEpPJCYHHKOM, CTaJbHOM,
SKOpPb, Ha KOTOPOM pAacIOJOXXECHBI CHUJIOBBIC U BCIIOMOTATEIbHBIE JJICKTPOKOHTAKTHI M
YIOPYTHE Pa3phIBAIOIINE MPYKUHBI.

Puc. 89. Ilyckarenu ¢ TOBOPOTHBIM U MPSIMBIM npuBoAoMm: 1, 2, 3,4, 5; 6 — koHTakThI; 7, 8, 9
— npyxuHbl; 10 — termoBoe pene; 11—skopp; 12 — TokoBas KaTylika

B nenp Toka ogHOro uiau JIBYyX(a3HbIX IPOBOJOB BKJIOYAETCS HAarpeBaTElbHbINA 3Je-
MEHT TEILIOBOro pene. IlnaBkue npenoxpaHUTENu pa3pblBarOT LE€Nb TOKA KaTyIIKH, BbI-
KJIFOYas 3JEKTPOJBHUTATENb IIPH MpOoNagaHuil 1ByX (a3 HanmpsoKeHUs, a KOHTAKTHI TEIJo-
BOT'O peljie — MPU TOKOBOM meperpys3ke U nponajaaHuu (pa3bl HANPSIKEHUSA CETH.

Pa3znuuaror nmyckarenu ¢ HIOBOPOTHBIM U € NMPSAMBIM sgkopeM (puc. 89). I'maBHbIMU Xa-
PAKTEPUCTUKAMHU NYCKATEJIS CIY>KAT BEJIUYHUHBI JOMYCTUMOIO TOKA U HaNpsIKEHUS.

Hanpumep, IIME-132: nyckatenb MarHuTHBIM, eBpomneiickuii ctangapt, 100 A, 600
B, ¢ ogHUM TEIMIOBBIM pelle.

JIBa OOBIUHBIX NyCKaTelsl, BKJIIOYEHHBIX B OOLIYyI0 CXeMY, OOpa3ylT pegepcusHbiii
9NEKMPOMASHUMHBIU 1YCcKameb, KOTOPBIM CIYXUT ISl U3MEHEHUs HalpaBJICHUs Bpalle-
HUS 3nekTponasBurareneid (puc. 90). BoiOOp KHONKM BKJIIOYEHHS MO3BOJISIET MEHATH IO-
CJe0BaTENbHOCTh MOJAKIOUEHUS (a3 CeTH FIEKTPOCHAOKEHU .

[Ipu Haxxatum KHOMKHM py4dHOro mycka Kl cpaGoraeT MarHUTHBIH pazbeauHHUTENb Sl
— npamoti xo0. Ilpu Haxkatun kHonku K2 cpabateiBaeT paspenunutens S2. Bo BTopom
Cly4ae CMEHUTCA MOCIEeA0BATEIbHOCTDh MOJAKIIOUYEHUS K JIEKTpoABUraTento ¢as cetu B
u C. Konraktel 6mokupoBku K61 nnu K62 3ampikatoTcs BMecTe ¢ pazbeAuHuTenssMu Sl
unn S2 mo3BOJAIOT oTIyckaTh KHOoNKY K2 mm K1 mocne BKItOUeHUs mycKaTes.

IIpu neperpese HarpeBatens temiaoBoro peine TP1 niu TP2 TokoMm neperpys3ku IBuU-
rartess pa3oMKHETCA cooTBeTcTBYyromMNd KOHTAakT KP1 nnnm KP2, pazopsercs, nens Toka
kaTymku npuBoja L lunu L2. Karymka pa3MarHuTuTCs, a ypaBHOBEIIUBAIOIAs MPYKHU-
Ha Pa30MKHET KOHTAKTHI MUTAaHUSI OOMOTOK JBUTaTENs.

To xe mpou3oiAET NpH MIaBIEHUU BCTaBKU npenoxpanutens F2 unu F3 TokoMm nepe-
rpy3ku (puc. 90).

0 Puc. 90. Cxema peBepcupoBa-
g_/cl/ | HUS 3JIEKTPOJBUTATEINS ABYMS
Ri ~ DJIEKTPOMAarHUTHBIMH ITyCKa-
I TEIAMH
L R A
L_-BH N
SN HVE SNV I AR b
K2 A2
R2
. Hazpyska




ABTOMaTHYeCKHIl BBIKJIIOUYATEIb
BLIKJIIO‘-IaTCJIb 3amgumiacT HOTpe6I/ITC.HSI oT HGI[OHYCTI/IMOFO YBGJII/I‘-ICHI/ISI TOKa, H
YMEHBIIICHUS HANPS)KEHUS CETH DJIEKTPOCHAOKEeHHUsI. ABTOMAT COCTOUT U3 PYYHOTO
Me-
xa-
HHU-
I ge-
CKOTO
BBI-
KJIIO-
yare-
s,
pas-
pbIB-
HBIX
n Cu-
J10-
BBIX
AIEKTPUYECKUX KOHTAKTOB, JYroracUTEIbHBIX KaMep, MUHUMAJIBLHOTO U MaKCUMaJIbHOTO
pacuenutenei (puc. 91).
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Puc. 91. Cxema ycmpoticmad 1 SKAOHEHUS deMOMaMUYecKozo
goircrowamenn: 1 — paspwignoii konwmarm; 2, 7, 13 — npyoxcunb;
3. 4 — Koumaraghst IoKa Razpyaxu, 5 — Gazoean demans, 6 — 3a-
weana, 8, 9 — moroeste xamyiiku pacyyenumeneti; 10 — snex-
mpomaznwm,; 11 — pyuxa siconovenun; 12 — poivaz npyvocitise

Bxutouenue anmapaTta Npou3BOAUTCS PYKOSATKONW MEXaHMYECKOTO BKItOYaTens (Mpu-
BOJIa) ,WJIM IOJlIauell HampsKeHUs Ha OOMOTKY 3JIeKTpoMarHurta. Pa3pbIBHbIE U TlIaBHbBIE
KOHTAKThl aBTOMAaTa OCTAlTCS 3aMKHYTBIMHM, IIOKa pejle MHUHUMAJIBbHOTO HJIW MAaKCH-
MaJbHOTO TOKa (paclenuTelb) He BHIObET 3alENKY NPYKUHHO-PHIYa)KHOTO MEXaHU3Ma.

Pene makcuManbHOro TOKa cpaboTaer, €clii MarHUTHas CUJIa TOKAa HAarpy3Kd CTaHeT
OoJipllle ypaBHOBEIIMBAIOIIEH MarHUTHON CUJIBI TOKA KAaTyIIKH § OT HANPSIKEHUS CETH.

Pene MuHMManbHOTO TOKa cpaboTaeT, KOrJga MarHUTHAas cUja TOKAa KaTylku 9 craHer
MEHBIIE CUJIbl YPABHOBEIIUBAKONIEH MEXaHUYECKOU NIPYKUHBIL.



ABTOMaTHYECKHE BBIKJIIOYaTeNH pa3pbiBaloT Toku oT 10 mo 6 OOO A. HaubGonbiuee
npumeHenue umerT aBTomatsl AE: nanpumep, AE2030:25 A, 600 B; AE2050: 100 A,

600 B.
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[1naBkue npeaoXpaHUTEIH 3AIIUIIAIOT LENH OT TOKOBBIX IEPErPY30K U KOPOTKUX 3aMbIKa-
HUH 3a c4€T cropaHust KaTMOpPOBaHHOMN MPOBOJIOKHU, BCTaBKU. CeueHne BCTaBKM PACCUUTAHO Ha
IIJIaBJICHUE TIPY OIIPEAEICHHOM BEJIMYMHE IPOTEKAOIIET0 TOKA. [IpsIMOYTroIbHBIN WM KPYIJIBIA
baphopoBbIi MU CTEKIISIHHBIN KOPILYC IPEJOXPAHUTENS 3a0IHAETCS TEIUIOCTOMKUM KBaple-
BbIM neckoM. Hanpumep, [TH2-100: npsimoyronbHbli, HanonHeHHbIH, 100 A, 500 B.

TupucTopHbIi NycKaTelb pa3MbIKAE€T U 3aMbIKAET LeNb 0€3 ATEKTPUUECKUX KOHTAK-
TOB 1 0€3 00pa3oBaHMs NYyroBoro paspsna. UToObl TOK 4epe3 TUPUCTOP U HATPY3KY MPO-
X0aui 00a Mmoyimnepruoa HanpsKeHHUsl CETH, B I[eNlb TOKA BKJIIOYAIOTCS J1Ba MapaiedbHbIX
TupucTtopa uiu cumuctop (puc. 92). Kpome Hux, cxema nmyckarteis COAEPKUT MNyCKOBOE
c1a00TOYHOE HIEKTPOMArHUTHOE peie, Yepe3 KOHTAKThI KOTOPOTO Ha YNpaBJsIoNue
AJEKTPOJABI NOJAETCS HalpsiKeHue BKiItoueHus. Pesuctopel K/ u K2 gendT HanpsiKeHue.
Huoner {1 u 12 3amumarT OT caydyalHOro BKIOUYeHUs. Tak, myckarenb MoJaéT Harpshke-
HUE Ha Harpy3Ky, ¥ OTKJIFOYArOT €T0 ¢ MOMoIIbio kHonkH mycka KII u pene PIL.

Tak, myckarenp OAAET HaNPsDKEHWE HA HArpy3Ky, U OTKJIIOUYAKOT €ro ¢ OMOIIBI0 KHOIKY mmycka K11
U pere

ABTOMaTH4YeCKHe BBIK/JIIYATeIH 00€CTIEYNBAIOT 3aIUTYy YCTPOUCTB OT MEPErpy3KU MIH KO-
POTKOTO 3aMbIKaHHsI U BBIOMPAIOTCS] UCXOS U3 XapaKTEPUCTHUK JEKTPOIIPOBOIKH, Pa3MbIKakO-
11ei CIOCOOHOCTH BBIK/IIOYATENIeH, 3HaY€HUSI HOMUHAIBHOT'O TOKA M XapaKTEPUCTUKU OTKIIIOYe-
HUS.

Pa3Mbikarommas criocoOOHOCTh JOJDKHA COOTBETCTBOBATH 3HAUYEHUIO TOKA B HaYaJIe 3alllMIIaeMOro
yudacTka nenu. [Ipu nocinenoBaTelbHOM BKIIIOUEHHH JIOITYCKAETCSl UCIIOIb30BaHUE YCTPOMCTBA C
HU3KUM 3HAYE€HHEM TOKa KOPOTKOI'O 3aMbIKaHUS, €CJIN J0 HEro OJukKe K MCTOUHUKY TUTaHHs
YCTaHOBJIEH aBTOMATHYECKHI BBIKIIIOYATENb C TOKOM OTCEYKH MTHOBEHHOTO Pa3MbIKATEINs HU-
e, YEM Y TIOCTIEAYIOUINX YCTPOUCTB.

HomunaneHble TOKM BRIOMPAIOTCS TAKMM 00pa3oM, 4TOObI MX 3HAYEHMsI ObLTH KaK MOXKHO OJHKe
K pacueTHBIM WJIM HOMUHAJIBHBIM TOKAM 3alllMIIAEMON [EH. XapaKTEPUCTUKN OTKIIIOUEHUS
OTIPEAEIIAIOTCS C YYETOM TOT0, YTO KPaTKOBPEMEHHBIE MEPErpy3KH, BhI3BAaHHBIE TYCKOBBIMU TO-
KaMU, He JIOJDKHBI BBI3bIBATh UX cpabarbiBaHus. KpoMme Toro, cieayeT yUuThIBaTh, YTO BBIKIIIO-
YyaTesu J0JKHBI MMETh MUHUMAJIbHOE BPEMsI OTKJIIOUEHHSI B CITy4ae BOSHUKHOBEHHS] KOPOTKOTO
3aMbIKaHUS Ha KOHIIE 3alllMIIaeMOH LIETH.

[Tpexne Bcero HEOOXOAUMO ONPEAETUTh MAaKCUMAIbHOE 1 MUHUMAJIbHOE 3HAUY€HUs TOKa KOpPOT-
koro 3aMbikanus (K3). Makcumanbhbiil Tok K3 onpenensercs u3 ycnoBus, KOrjia 3aMbIKaHUE
IPOMCXOIUT HEMOCPEICTBEHHO Ha KOHTAKTaX aBTOMaTHUYECKOTr0 BhIKItoUaTessl. MUHMMAaIbHBIN



TOK oIpeAesnseTcs U3 yciaoBus, yTo K3 npoucxoaut B caMoM JaJIbHEM y4acTKE 3alUIIAEMOI
nenu. K3 MokeT mpon3oiTH Kak MexX HyJIeM U $a3oid, Tak U MeXIy (pa3zamu.

Jl1s ynpoleHHOro pacueTa MUHUManbHOro Toka K3 cinenyer 3HaTh, YTO CONPOTUBIIEHUE TIPO-
BOJIHMKOB B pe3yJibTaTe HarpeBa yBenuuubaercs 10 50% OT HOMUHAIBHOTO 3HAYEeHHUS], & HaMps-
JKEHUE UCTOYHUKA MUTaHus cHrbkaeTcs 10 80%. CnenoBatensHo, 1uist ciaydas K3 mexay dhazamu
tok K3 Oyner:

1=0,8 U/(1,5p 2 L/S), e p-yaenbHOe conpoTuBieHre npoBoAHUKOB (st Meau — 0,018 OM kB.
MM/M)

JUISL CITydasi KOPOTKOTO 3aMBIKaHUSI MEXy HyJleM H (a3oii:

1=0,8 Uo/(1,5 p(1+m)L/S), TiIe m — COOTHOIIICHHUE TIJIONIA/ICH MONEPEYHOr0 CEYEHHUSI IPOBOJIOB
(ecnu MaTepual OJMHAKOBBIN), UM COOTHOIIEHUE COMPOTHUBIICHUNA HYIIS U (a3bl. ABTOMAT
HY>KHO BBIOMPATH MO BETMYMHE HOMUHAJILHOTO YCIOBHOTO ToKa K3 He MeHbllle pacyeTHOrO.
IIpenoxpanureJib ¢ IVIABKOM BCTABKOM

Tok mnaBkoW BCTaBKU JOJKEH OBITh HE MEHbBIIIE MAKCHMaJIbHOTO TOKA YCTAHOBKHU C YYETOM

T TENbHOCTHU ero npoTekanus: | m = Imakc/a, roe a =2,5, ecnu T menbiie 10 cex. ua= 1,6 ec-
mu, T 6onbiie 10 cex. I make = InK, roe K= 5 - 7 kpaTHOCTH TyCKOBOTO TOKA (U3 MACIIOPTHBIX
JTAHHBIX IBUTATEJIS)

[H — HOMUHaIBHBIN TOK JEKTPOYCTAHOBKU JUIUTEIHHO MPOTEKAIOIIUH 10 3al[UTHON amnmnapaType
Imakc — MakcUMaJIbHBIN TOK, KPaTKOBPEMEHHO MTPOTEKAIOUIUH TI0 anmaparype (Harpumep myc-
KOBOH TOK)

T — AIUTENbHOCTh NPOTEKaHUSI MAKCUMAJIBHOTO TOKA 110 3aIUTHOMN anmnaparype (Hanpumep,
BpEMsI pa3roHa JIBUTATEs)

YV OBITOBBIX 3JIEKTPOYCTAaHOBOK IIYCKOBOI TOK MaJl, IIPH BbIOOPE BCTABKU MOKHO OPUEHTHPO-
BaThCA Ha IH.

[Tocne pacueToB BeIOMpaeTcs Onmkaiiiee 6obliee 3HaYeHNE TOKA U3 CTAHAAPTHOTO psfa:
1,2,4,6,10,16,20,25A.

YerpoiicTBa 3a1IUTHOTO OTKJIIOYEHUs! [TPEIHA3HAYEHBI IS 3alUThl YeJIOBEKA OT MOPAKECHUS
IEKTPUYECKUM TOKOM B TPYIIIOBBIX JIMHUAX, IUTAIOIIUX IITENCEIBHBIE PO3ETKU. PexomMeH10-
BaHbI JUIsl YCTAHOBKH B LIETISIX TUTAHUS KUJIBIX TOMEILEHUH, a TaK ke JII0OBIX APYTruX MoMelle-
HUI 1 00BEKTOB, I/1€ MOTYT HAXOUTHCA JIFOIU WU )KUBOTHBIE. DyHKIIMOHAIBEHO, Y30 COCTOUT
U3 TpaHcpopmaTopa, epBUUYHbIE OOMOTKH KOTOPOT0 MOAKIIOYEHBI K (ha3HbIM (pazHOMY) U
HelTpanbHOMY ITpoBoHUKaM. K BTopnuHOil 00MOTKe TpaHchopMaTopa NOJKIFOUEHO NOJSApU-
30BaHHOE pene. [Ipu HopMmanbHOM paboTe 3IEeKTPUUECKOl LIeTH BEKTOPHAsi cyMMa TOKOB 4epes
BCE OOMOTKH paBHa HYJ10. COOTBETCTBEHHO PABHO HYJIIO U HAIIPsKEHHE HA BBIBOJIAX BTOPUYHOM
00MOTKH. B ciiyuae BO3HUKHOBEHUS YTEUKHU «HA 3€MJII0» CyMMa TOKOB U3MEHSETCS U BO BTO-
pUYHON 0OMOTKE BO3HHMKAET TOK, BBI3BIBAIOIINN CpabaThIBaHUE MOISIPU30BAHHOTO pelie, pa3Mbl-
Karomiero KOHTakT. Pa3 B Tpu Mecsia pekoMeHayeTcs MpoBepsaTh padboTocnocooHocTh Y30,
HaxaTueM Ha KHONIKY « TECT». Y30 noapa3nenstoTcss Ha HU3KOUYBCTBUTENIbHBIE U BBICOKOUYB-
cTBuTenbHble. HuskouyBcTBUTENbHBIE (TOKH yTeuku 100, 300 u 500 MA) s 3amuThl nenei, e
UMEIOIMX HEMOCPEICTBEHHOT0 KOHTAKTA ¢ JIIoAbMHU. OHM cpabaThIBAIOT MPH MOBPEKICHUH
M30JISIIMU AJIeKTpooOopynoBanus. BeicokouyBcTBUTeNbHBIE Y30 (TOKM yreuku 10 u 30 MA)
paccuMTaHbl Ha 3alUTY, KOT/1a BO3MOXKHO IPUKOCHOBEHHE K 000PYIOBAHUIO 0OCITYKUBAIOIIET O
nepcoHana. J[J1s KOMIUIEKCHOM 3alUThI JIIOJIEH, JIEKTPOOOOPYAOBAHUS U AJIEKTPOIPOBOJIKH,
KpOME TOT0, BBITTyCKArOTCs, MU pepeHInanbHple aBTOMAaTHUYECKHIE BHIKITIOYATEIH, BBITTOIHSIO-
nve pyHKIMU, KaK yCTPOMCTBA 3alIUTHOTO OTKIIOUYEHHUS, TaK U aBTOMAaTUYECKOTO BBIKIIIOYaTe-
Ts1.

Y30 nomxHo ObITh cepTuduuMpoBaHHbIM B Poccun. [1pu Bei6ope Y30 yuutsiBaercs cxema
MOJKJIIOUEHUS HyJIeBOoro pabouero npoBoanuka. B cucreme 3azemnenust TT 4yBCTBUTENBHOCTh
V30 onpenensiercss CONPOTUBICHUEM 3a3€MIIEHUSI IPU BHIOPAHHOM IpeIeIbHBIM O€30MacHbIM
HarnpsbkeHueM. [lopor 4yBCTBUTENBHOCTH OIpeeNaeTcs Mo GpopmyIie:

I= U/Rm, rae U — npeaensHOe Oe30mMacHOe HANPsHKEHWE, Rm — conmpoTHBIIeHNE 3a3eMIICHUS.
Jist yno6cTBa MOKHO BOCTIONB30BAThHCS TAOTHUIICH .



UyscTBUTENBRHOCTD Y30 MA Conpotuienue 3azemiieHus: Om
[IpenensHoe 6e3onacuoe | [IpenenbHoe Ge3omacHoe

HanpspbkeHue 25 B HanpspkeHue 50 B
10 2500 5000
30 830 1660
100 250 500
300 83 166
500 50 100
650 38,5 77
1000 25 50
3000 8 16

st 3ammTel Jiroaei ucnoiab3yroTes Y30 ¢ uyBcTBUTENbHOCTHIO 30 mnn 10 MA.

ABTOMATHKA

B *U3HU MBI 4acTO CTaKUBaeMCs C yCTPOWCTBaMHU, HA3BaHUE KOTOPBIX 00bEINHSACTCS O] 00-
MM ITOHSTHEM - «aBTOMaTHKa». M XOTs Takue CHCTeMbI pa3pabaThIBAlOT OYeHb YMHBIC KOH-
CTPYKTOpPBI, 00CTY>KUBAIOT UX MPOCThIe 37eKTpuku. He cnenyer myratbcst atoro tepmuna. OHo
o3nauaet Bcero juiib «bE3 YUACTUSA YEJIOBEKA».

B aBTOMaTHuUECKMX CHCTEMAX YEJIOBEK JAET TOJIbKO HAaYaJIbHYI0O KOMAaHIy BCE CUCTEME U UHO-
IJ1a OTKIIIOYAET € sl 00CHy ) KiuBaHus. BCio ocTanbHyro paboTy Ha IPOTSHKEHUH OY€Hb IPOJI0I-
JKUTEJIBHOTO BPEMEHU CUCTEMA IIPOJIEIbIBAET cama.

Ecin BHUMaTENbHO NPUCMOTPETHCS K COBPEMEHHOM TEXHUKE, TO MOXKHO YBUJIETh OOJIbIIOE KO-
JUYECTBO ABTOMATHYECKUX CUCTEM, KOTOPBIE €10 YIIPaBJISAIOT, CBOJS BMEIIATEIbCTBO YEJIOBEKA B
3TOT IPOLECC K MUHUMYMY. B X0n01uIbHIKE aBTOMAaTHYECKH MOIEPKUBAETCS ONPEICIICHHAs
TEMIIepaTypa, a B TEJIEBU30pE 3aJlaHHAsl YACTOTa PUEMA, CBET HA YJIMIIE 3arOPAeTCs C HACTYII-
JICHHEM CyMEpEK U TaCHET Ha pPaccBETE, IBEPh B CyIIEPMapKETe OTKPHIBAET Mepe MOCETUTES-
MU, @ COBPEMEHHBIE CTUPAIbHBIE MAIINHKHN «CaMOCTOSITENIbHOY BBIMOJIHAIOT BECh IPOLIECC CTUP-
KU, TIOJIOCKaHUS, OT)KUMa U CYHIKHU Oenbs. [I[pruMepsl MOKHO PUBOAUTH OECKOHEUHO.

[To cBoeit cyTH, Bce cXeMbl aBTOMATUKH MOBTOPSIIOT CXeMY OOBIYHOTO MAarHUTHOTO ITYCKAaTENs, B
TOM MM MHOM CTENEHHU yyuliasi ero ObICTpOEHCTBUE WM YyBCTBUTENBHOCTh. B yxke nsBect-
Hy10 cxemy nyckarens BMecTo KHOMOK «I[1YCK» u «CTOII» BctaBnsiem kontakTel Bl u B2, ko-
TOpbIe cpabaThIBAIOT OT PA3IIMYHBIX BO3ACUCTBUNA, HAIIPUMED, TEMIIEPATYPHI U MTOJIyYUM aBTOMa-
TUKY XOJIOAWIbHUKA.
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[Tpu noBbILIEHUHU TEMIIEPATYPhl BKIIFOUAETCS] KOMIIPECCOP ¥ TOHUT OXJIQJAUTENh B MOPO3HIIKY.
Koraa temneparypa ormycTUTCS 10 HY>KHOTO (3alaHHOT0) 3HaUEHHsI, Apyras Takas KHOIKA OT-
KJIFOUNT Hacoc. BeikimtouaTens S1 B 3TOM ciiydae urpaer pojib py4yHOTO BBIKIIFOUYATENS, IS BbI-
KJIIOYEHUS CXEMBI, HallpUMep, Ha BpeMsI TEXHUUYECKOT'O OOCITY>KUBAHHUSL.

OTH KOHTAKThl HA3bIBAIOTCS «IATYMKAMM) WIH «4YBCTBUTEIbHBIMU dJ1eMeHTaMmuy. J[aTunku
UMEIOT Pa3InYHYI0 (JOPMY, YyBCTBUTEILHOCTh, BO3MOKHOCTH HACTPOMKHU M Ha3HAUEHUE.
Hanpumep, ecnu nepeHacTpouTh JaTYUKU XOJIOAUIBHUKA U, BMECTO KOMIIPECCOPA MOJKIOYUTh
o0orpeBarelib, TO MOJIYYUTCS CUCTEMA MOICP)KaHuUs Terlia. A, MOJIKIIOYNUB CBETUIILHUKH — TO-



JyYUM CHCTEMY MOJIEPKAHNUS OCBEIIEHHOCTH.
Takux Bapuanuii MOXeT ObITh OECKOHEYHO MHOTO.
B uenowm, nasnauenue cucmemsi onpeoensemcs naznavenuem oamuuxog. [103Tomy B Kaxx10M
OTZIEJIbHOM CJ1y4ae IPUMEHSIOTCS pa3IMuHbIe TaTYUKU. M3ydyeHne KaxX10ro KOHKPETHOIO YyB-
CTBHUTEJIBHOT'O 3JIEMEHTA HE UMEET OOJIBIIOr0 CMbICIIA, TAaK KaK OHU MOCTOSIHHO COBEPIICHCTBY-
10TCs U u3MeHstored. Llenecoo6pasHee MOHATh MPUHLUI ACUCTBUS JaTYMKOB BOOOIIIE.
Xox paboTsl:

1. U3yuuth yCTpOICTBO, pacCUUTaTh U BHIOPATh MPEJOXPAHUTEND C MJIABKOI BCTABKOM.

2. W3yuuTh yCTpOWCTBO, PACCUUTATH U BHIOPATh aBTOMATHUYECKHH BBIKITIOUATEIb.

3. U3yuuth TeopeTnueckuiit Marepuain u Beiopats ¥Y30.



NPUJIIO)KEHUE
MarnuTod3jieKTpu4ecKasi cucreMa
Pabora MexaHn3MOB OCHOBaHA Ha B3aUMOCUCTBUM MarHUTHOT'O MOTOKA IMOCTOSIHHOTO Mar-
HUTA U TOKA, MPOXOJSILEro Mo Karymke (paMke). Bo3HUKarOMIMI Py 3TOM BpalIaloMii MOMEHT
OTKJIOHSIET MO/IBUKHYIO YaCTh MEXaHU3Ma OTHOCUTEIBHO HEMOIBUIKHOM.

1 — cunbHBIN TOCTOSIHHBIA MAarHUT; 2 — KaTylIKa (paMKa) MpsiMOyroJbHOU (POPMBIL; 3 — IMOJFOCHBIE
HAKOHEYHUKH; 4 — WIMHIAPHYECKUI CepACUHHK; 5 — MarHUTOIPOBOJI; 6 — IPY3UKH; 7 — CTpeka, § —
pacTsKKU

Pucynok 1 — MaruuTosneKTpu4eckuii MeXaHu3M C BHELITHUM MarHuTOM

Tok K paMKe IMOIBOIUTCS 4Yepe3 JBE CIHUPATbHBIC MPYKHHBI, KOTOPHIE OJHOBPEMEHHO
CIy)KaT JUIsl CO3[aHHsl MPOTHUBOACHCTBYIOIIET0O MOMEHTAa. MOMEHT, CO3/1aBaeMblii IMPYKUHOM,
MPOTIOPIIMOHAJICH YTy 3aKPYIHBAHUS, IIOATOMY
M, =k, «a,
rmue k2 — mocTosHHbINH K09()DUIIUECHT;

0. — YroJl I0BOPOTa paMKH (paBHBIN YTy 3aKpYUMBaHUSI IPYKUHBI).

VYuuThiBas, 4T0 B MOMEHT OTCYETa, KOT/Ia CTPENIKa HEMOABMKHA, Mpp=Mp OTydaem
k-1=k,-a

U3 sT0Or0 paBeHcTBa HAXOIUM
a= ::—1 l=k-I.

2
Taxkum 00pa3oM, yros MoBopoTa paMKH M CTPEIIKU-YKa3aTessl MPONOPIMOHATIEH TOKY, T.€. TIPHU-
00p MOXeET OBITH OTTPATYHPOBAH KaK aMIIEPMETP, U UMETh PABHOMEPHYIO IIKAIy.

Ha ocHoBannm 3akona OMa umeeM,

rne U —HanpspkeHue Ha 3aKuMax mpruoopa;
Rn — snekTpudeckoe ConpoTUBIICHHE paMKH MpUOopa.
[Tocie moIcTaHOBKHM MOITy9aeM

a=L'U.
R

n

[TockonbKy OTHOIIIEHHE L JUTSL TAaHHOTO TIPHOOpa — BEJTMUKMHA TIOCTOSIHHAS, TIOCIICTHEE BhIpa-
n
YKEHHE MTOKA3bIBAET, YTO MPUOOP MOKET OBITh OTTPAAYHUPOBAH KaK BOJBTMETP.
YcnokoeHre B MEXaHU3ME MarHUTOMHTYKIIMOHHOE.
JI0CTOMHCTBA MAarHUTOZJIEKTPHUUECKOTO MEXaHU3Ma:
- OobINas 9yBCTBUTEIIHHOCTE;
- Masioe coOCTBEHHOE OTpediIeHHe MOIITHOCTH;
- MaJioe BIMSIHUE BHEIIHUX MarHUTHBIX TTOJICH;
- MMEET PaBHOMEPHYIO KA.
Henocrarku:



- CJIO)KHOCTb KOHCTPYKLIUHY;
- YyBCTBHUTEIILHOCTb K IEpETpy3Kam;
- NPUTOAHOCTH PabOTHI TOIBKO HA TIOCTOSIHHOM TOKE.

3J'[eKTp0L[I/IHaMI/I‘le(!KaH CHUCTEMaA

Pabora MexaHn3MOB OCHOBaHa Ha B3aUMOJICHCTBUM MAarHUTHBIX TOJIEH JIByX KaTyILIEK C TOKa-
MU — HETIOJIBM)KHOM | 1 MOIBMKHOM 2 (PUCYHOK 2).

PucyHOK 2 — DneKTpoAMHAMUYECKUI U3MEPUTEIIbHBI MEXaHU3M

[lonBukHasi KaTylika, yKpeIUIEHHass Ha OCH WM pacTsDKKaX, MOXKET [OBOPAYMBATHCS
BHYTpH HENOJABWXHOU. [Ipy nmpoTexkannu B 0OMOTKax KaTylleK TOKOB |1 1 |2 BO3HUKAIOT 3JEKTpo-
MarHuTHBIE CUJIBI, CTPEMSAIINECS TaK MOBEPHYTH MOABMKHYIO YacTh, YTOOBI MAarHUTHBIE TTOTOKU
MOJBHKHOW M HEMOJABUYKHOW KaTYIIEK COBITAJIU.

Y cnokoeHne — BO3yIIHOE WM MarHUTOMHTYKIIHOHHOE.

JlOCTOMHCTBA 2JIEKTPOANHAMUYECKUX MEXAaHU3MOB:

- OJMHAKOBBIE [T0KA3aHUS Ha IOCTOSSHHOM U IIEPEMEHHOM TOKE;
- CTaOMJIBHOCTb MOKA3aHUH BO BPEMEHHU.
Henocrarku:
- HEBBICOKasl YyBCTBHUTEIbHOCTD;
- 0ombI10€ COOCTBEHHOE TOTPEOJICHUE MOIITHOCTH;
- YyBCTBMUTEJIBHOCTb K IEPETPY3KaM;
- BJIMSIHUE BHEIIHWX MarHUTHBIX TOJIEH;
- BIIMSIHUE TEMIIEpATypPbl OKPYXKAIOIEH CPENbI.

DeppoaMHAMUYECKAS CHCTEMA

MexaHu3mbl (HeppoIMHAMUYECKON CHCTEMbI OTJIMYAIOTCS OT AJIEKTPOJUHAMHUYECKUX ME-
XaHU3MOB TEM, UTO HCIIOJABHXHAA KaTYHIKa nMEET MaFHI/ITOHpOBO)I N3 MArHUTOMSTKOI'O JINCTOBO-
ro MaTepuaa,

Cy1iecTByeT J1B€ KOHCTPYKIIUU (HeppOANHAMUIECKUX MEXaHU3MOB — OJHO- U JIBYXKaTy-
HIEYHBIE.

YCHOKOQHI/IG - JKUOAKOCTHOC " MaFHI/ITOI/IHJIyKHI/IOHHOC.

JlocTouHcTBa PeppoIMHAMUYECKIX MEXaHU3MOB:

- Majas BOCHpI/II/IMqI/IBOCTL K BHCIIIHUM MAarHuTHBIM I10JISIM,
- Majoe coOCTBEHHOE MOTPeOIeHHE MOIITHOCTH;
- OOJBIIOH BpaIArOIINii MOMEHT.
HepocraTku:
- HHU3KUH 9aCTOTHBIN HAITa30H;
- HHU3Kasg TOYHOCTb.
DJIeKTPOMArHUTHAS CUCTEMa



Pabora MexaHM3MOB OCHOBaHa Ha B3aUMOJEHCTBUM MarHUTHOTO MOJIsI, CO3JaHHOTO HEro-
JBIDKHOW KaTYIIKOW, IO 0OMOTKE KOTOPOI MPOTEKaeT N3MEPSEMBIi TOK C (peppOMarHUTHBIM cep-
JIEYHUKOM, SKCLIEHTPUYHO YKPEIJICHHBIM Ha OCH (PUCYHOK 3).

1 — myockas KaTyIika; 2 — CepA€YHHK; 3 — OMOPBI WIIH PACTSHKKH
Pucynok 3 — DeKTpOMarHUTHBINA MEXaHU3M C TJIOCKOM KaTyIIKOM

Bpama}omnﬁ MOMCHT IIPOIIOPLHUOHAJICH KBAaApATy TOKA, TAK KaK MAIrHUTHBIC ITOJIA KaTYyI-
KM U CCpACHHHKA CO3AAa0TCA OAHUM U TEM KC U3MCPACMBIM TOKOM, IIPOTCKAIOIIUM I10 KATYIIKE:

2. :
M, =k- 17, M, =k, a;

k-1° =k, a;
a=X 2ok =Xy
K R

[TociienHee BhIpaKEHHUE IMOKA3bIBACT, YTO YroJ OTKIOHEHHUS CTPEIKU IMPOHOPLIHOHAIICH
KBajpaTy ToKa wiu HanpspkeHus. [llkama npubopa KBajpaTuyHas, ckaTas B Hadaie, T.€. HEpaB-
HOMEpHasI.

I[OCTOI/IHCTBa BJ'IGKTpOMal"HI/ITHI)IX MECXAaHU3MOB:

- TIPUTOAHOCTH Ui pabOThI HA MOCTOSHHOM U TIEPEMEHHOM TOKE;
- YCTOMYMBOCTB K TOKOBBIM IEPErpy3KaMm;
- MPOCTOTa KOHCTPYKIIUH.
HenocraTkm:
- BIMSHHE BHEIIHUX MArHUTHBIX IOJIEH;
- HEPaBHOMEPHOCTb IIIKAJIbI,
- OombIIoe COOCTBEHHOE MOTPEOICHNE MOLTHOCTH.

DJleKTpoCcTaTHYECKAS CHCTEMA
[lepemernieHre MOIBUYKHOM YaCTU MPOUCXOTUT MO IEHCTBUEM SHEPTHH dIEKTPUIECKOTO

MoJid CUCTCMbI ABYX HJIM HCCKOJIBKHUX J3JICKTPUYCCKH 3apsS’KCHHBIX IMPOBOJHHUKOB (pI/IcyHOK 4) u
CBsA3aHO C UBMECHCHHUEM €EMKOCTHU CUCTCMBI.

1 — snekTponsr; 2 — cekTopooOpa3Has IIACTHHA; 3 — yKa3aTelb



Pucynok 4 — DnexkTpocTaTnyecKuii N3BMEepUTEIbHBIA MEXaHU3M
JI0CTOMHCTBA 3JIEKTPOCTATUYECKUX MEXaHU3MOB!

- HE BIUSIOT 9acTOTa U (hopMa KPUBOH MPUITOKEHHOTO HATIPSKCHUS;

- HE BIHUSIOT TeMIepaTypa U BHEIIHUE MarHUTHBIE MOJISI.
Hepocrarkmu:

- OKa3bIBAIOT BIIMSHUE BHEIIHHUE JIEKTPUUYECKUE MOJIS;

- MaJasi 4YyBCTBUTEJIbHOCTb.

BLIl'lpﬂMI/ITe.]'ILHaﬂ cucremMa

Jlist Toro 94TOOBI MAarHUTORJIEKTPUUYECKUE MEXAHU3MBI MOXKHO OBLIO HCIIOJIB30BATh JIJIS
U3MEpEeHUs Ha TIEPEMEHHOM TOKE, HY)KHO IpeoOpa3oBaTh EPEMEHHBIN TOK B IIOCTOSIHHBIH.

B kagectBe mpeoOpa3oBaTeneil epeMEeHHOr0 TOKa B MOCTOSHHBIN IUPOKOE PacpocTpa-
HEHHE MOJIYYIIN MOITYIPOBOJHUKOBBIC BHIIPAMUTENN. BHIIPSIMUTENBHBINA TPUOOP MPEICTaBIISET
co0Ol coYeTaHWe MAarHUTOMNICKTPHUYECCKOTO HM3MEPUTEILHOTO MEXaHHW3Ma C BBIMPSIMUTEIIEM Ha
MOJYTIPOBOJHUKOBBIX AHOAX.

Cxema U3MEpHUTEIHHOIO MEXaHW3Ma C OJHOMOIYIIEPHOIHBIM BBITIPSIMHUTEIIEM IPEICTaB-
JIeHa Ha PUCYHKE 5.

Ve,

Pucynok 5 — CxeMa U3MepHUTENbHOTO MEXaHU3Ma

Cxema HU3MEPUTCIIBHOI'O MCXaHHU3Ma C JABYXIIOIYIICPHUOAHBIM BBIIPAMUTCIICEM MPEACTABIICHA

Ha PUCYHKE 5.
== C f@% &
a) 5 | ) o)

a) TpaHcdopMartopHasi; 0) MOCTOBasI; B, I') CXeMbl MOCTOBBIE C 3aMEHOM JMOI0B PE3UCTOPAMHU
Pucynok 5 — Cxembl N3MEPUTEITLHBIX MEXaHU3MOB

Jocrouncrea npudopoB:
- BBICOKas YyBCTBUTEIILHOCTD;
- MaJioe COOCTBEHHOE TIOTPeOIICHNE MOIITHOCTH;
- IIMPOKUH YaCTOTHBIN TUAIa30H.
Henocrarku:
- HEBBICOKAsl TOYHOCTD;
- 3aBHUCHMOCTb [TOKa3aHU OT (POPMbI KPHUBOM H3MEpSIEMOI BETMUMHBL.

NHayKuHoOHHAsA cucTeMa

KoHcTpykuusi 1 npuHomn aecrBus. [IpuHimn aelcTBUSI MHAYKIIMOHHBIX TPHOOPOB OC-
HOBaH Ha B3aMMOJCHCTBUU JIBYX WJIM HECKOJIBKUX MEPEMEHHBIX MATHUTHBIX MMOTOKOB C TOKaMHU,



WHIYLIMPOBAHHBIMU B MOABM>KHOM MPOBOJHUKE (HAIpUMeEp, AUCKE). TUMUYHBIM MPEACTaBUTEIEM
ATOW CHCTEMBI SIBISIETCS KJIACCUYECKUH UHOYKYUOHHBIU CUemyuK — U3MEPUTEIh aKTUBHOU dHEp-
TUH.

PaccmoTpuM yCTpONCTBO M MPUHIUN JEHCTBUS MHIYKIIMOHHOTO OAHO(A3HOIO CueT4YHKa
akTUBHOW 3Hepruu. Ha pucyHke 6 mokaszaHa ynpouieHHass KOHCTPYKLHs Takoro npuodopa. Oc-
HOBHBIMHU 3JIEMEHTaMH SIBIIIOTCS J[BA MarHUTONPOBOJA CO CBOMMHU OOMOTKaMH (HANpsKEHUS U
TOKOBO¥ ), BPAIAIOIIUICS TUCK M CUETHBIN MexaHu3M. Kak u BaTTMETp, CUETYHK COICPKUT 00-
MOTKHU TOKA U HalpsKeHUs. BKiroyaeTcs: cueTuuk B 1IENb TaK ke, KaK U BaTTMETP.

1 — MarHUTOIPOBO/T OOMOTKH HAaIPSDKEHNUS;, 2 — 0OMOTKA HANPSDKEHHST; 3 — MATHUTOIIPOBO] OOMOTKH TO-
Ka; 4 — 0OMOTKa TOKa; 5 — MPOTUBOMOIIIOC; 6 — INCK; 7 — 0Ch; 8 — uepBsvHas repeada; 9 — CUCTHBIN
MEXaHNU3M

Pucynok 6 — Cxema mosiCHSOMIAsl TPUHIIUIT JSHCTBUS CYETUMKA

HomunanbHasi nocTosiHHas cueTynka. Yncio o60poToB AMCKa, MPUXOASIIeecs Ha eIMHU-
Iy YYUTHIBAEMOW CUETUMKOM SHEPTUH, Ha3bIBAIOT MEPEAaTOYHbIM YHCIOM cueTunka. Hampumep,
B nacrnopre ckazano «2000 06opotoB cooTBeTcTBYIOT 1 KBT * u». Koadduunent, obpaTHsblii ne-
pelaTOYHOMY 4YHCIY, T.€. DHEPrus, MPHUXOJAIIAACA Ha OJUH O0OpOT AUCKA, HA3bIBACTCS HOMU-
HanvHou nocmosintol cuemuura Cyon. Hanipumep:

c. =36002000 _1gng B
~ 2000

00.
3Hast Cyom ¥ UUCIIO 000pOTOB N, MOKHO ONIPECITUTh MOTPEOJICHUIO0 aKTUBHYIO SHEPTHUIO:

W=C_ N
Kiaccel TOYHOCTH WHAYKIIMOHHBIX CYCTYMKOB (337AFOTCS OTHOCHUTEIIBHOHN ITOTpPEIIHO-
cThI0) 00bIuHO HeBbIcOkH: 0,5; 1,0; 1,5; 2,0; 2,5; 4,0.
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